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FORTHCOMING MEETINGS 


WEDNESDAY, I5TH MAY, at 2.30 p.m. TRUEMAN WOOD LECTURE. ‘Science in 
Archeology’, by Sir Mortimer Wheeler, C.I.E., M.C., D.Litt., F.B.A., President, 
Society of Antiquaries. R. W. Holland, O.B.E., M.A., M.Sc., LL.D., Chairman 
of the Council of the Society, will preside. (Admission by special ticket only.) 


WEDNESDAY, 22ND MAY, at 2.30p.m. FRED COOK MEMORIAL LECTURE. 
‘Portuguese Painters of the Fifteenth and Sixteenth Centuries’, by Carlos de 
Azevedo, M.A., Curator, Lisbon National Museum of Contemporary Art. 
Sir Alfred Bossom, Bt., LL.D., F.R.I.B.A., J.P., M.P., a Treasurer of the Society, 
will preside. (The paper will be illustrated by lantern slides.) 


TUESDAY, 28TH MAY, at 5.15 p.m. COMMONWEALTH SECTION. THOMAS HOLLAND 
MEMORIAL LECTURE. ‘The Imperial Institute’, by Kenneth G. Bradley, C.M.G., 
Director of the Imperial Institute. Sir Gilbert Rennie, G.B.E., K.C.M.G., M.C., 
High Commissioner for the Federation of Rhodesia and Nyasaland, will preside. 
(The paper will be illustrated by lantern slides.) (Tea will be served from 4.30 p.m.) 


WEDNESDAY, 29TH MAY, at 2.30p.m. ‘The English Ballet’, by Dame 
Ninette de Valois, D.B.E., Director of the Royal Ballet. Sir Arthur Bliss, Master 
of the Queen’s Musick, will preside. (Fellows should apply for special tickets for 
this meeting.) 


THURSDAY, 6TH JUNE, at 5.15 p.m. SIR GEORGE BIRDWOOD MEMORIAL LECTURE. 
‘New Aspects of Indian Painting’, by W. G. Archer, O.B.E., Keeper, Indian 
Section, Victoria & Albert Museum. (Tea will be served from 4.30 p.m.) 


Fellows are entitled to attend any of the Society’s meetings without tickets except 
where otherwise stated, and may also bring two guests. When they cannot accompany 


their guests, Fellows may give them special passes, books of which can be obtained 
on application to the Secretary. 
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THE SOCIETY’S CHRISTMAS CARD, 1957 


In order that overseas Fellows may be given ample time in which to place 
their orders, work on the Society’s Christmas card for 1957 has already begun, 
and it is hoped that supplies will be available by the end of July. An illustration 
of the card, which is a reproduction of an eighteenth-century hand-coloured 
engraving of the Society’s House, together with prices and an order form, are 
included at the end of this copy of the Journal. 


FACULTY OF ROYAL DESIGNERS 
FOR INDUSTRY 


The Faculty of Royal Designers for Industry gave a dinner in honour of 
Professor Alvar Aalto, Hon. R.D.I., who was accompanied by Mrs. Aalto, 
at Kettners Restaurant on Friday, 12th April, while the Professor was on a brief 
visit to this country to receive the Gold Medal of the Royal Institute of British 
Architects. Also present were: Mr. Milner Gray, Master of the Faculty; Mr. 
and Mrs. Reco Capey; Mr. Laurent Giles; Professor R. Y. Gooden; Mr. and 
Mrs. Ashley Havinden; Mr. and Mrs. Ernest Race; Mr. A. B. Read; Sir Gordon 
and Lady Russell; Mrs. Astrid Sampe; the Secretary and Mrs. Luckhurst, 
and the then Assistant Secretary of the Faculty, Mr. R. V. C. Cleveland- 
Stevens. 


EXHIBITION OF BURSARY DESIGNS 


As announced in the last issue of the fournal, the exhibition of winning and 
commended designs in the 1956 Industrial Art Bursaries Competition will be 
held in the Society’s House from Tuesday, 21st May until Friday, 7th June. 
The exhibition will be open on Mondays to Fridays from 10 a.m. to 5.30 p.m., 
and on Saturdays from 10 a.m. to 12.30 p.m. 

Special cards of admission will be required for the opening, which will be 
performed by Sir Colin Anderson, Des.R.C.A., at 12.15 p.m. on 21st May. 
It is hoped that, although the majority of these must be issued to those who 
are directly concerned with the organization of the Competition, a number of 
cards may be available for other Fellows, and those interested should apply 
to the Secretary by 14th May. 
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MODERN DETERGENTS 


A paper by 
F. COURTNEY HARWOOD, 


B.Sc., F.RA.C., M1.Chem.E., F.TI., F.S.D.C., 
lately Director, British Launderers’ Research 
Association, read to the Society on Wednesday, 
20th February, 1957, with Sir Eric Rideal, 
M.B.E., M.A., Ph.D., D.Se., F.R.S., 

in the Chair 


THE CHAIRMAN: We are supposed to be in a scientific age and we see indeed the 
eloquence of science all around us, but if one comes to think about a particular topic, 
such as making glass or making leather or even growing wood, one finds that there 
is a great deal left to be discovered. 

So, I think, is the case with a number of the ancient arts, such as dyeing or even 
the more common task of washing, which date from a very early time. In fact, 
historical records about the use of alkali and so on for washing go back to early 
Egyptian times. However, if we try to understand the processes of washing and what 
we can use as washing materials, we find that it requires a great number of disciplines. 
There are physics, physical chemistry, organic chemistry, even bio-chemistry, and 
there are very few people who have mastered these various disciplines sufficiently 
well to give a reasonable account of what happens when you wash your pocket 
handkerchief or even when you wash your hands. Then again, science is always 
turning out new things; whether they are good or bad is not the function of science, 
it is the function of the people who use those things whether they use them well or 
use them badly. 

We have witnessed in the last ten years or so a phenomenon in the washing world 
which is really rather startling. Soap, which has been in use for hundreds if not 
thousands of years, is gradually being displaced by things in packages labelled with 
all sorts of fancy names. What are they, how are they made, are they better than 
soap, how do they work? Those are the sort of problems that immediately arise, and the 
the chemical industry all over the world is at present feverishly seeking to make new 
and better ones; better for what purpose, for washing what? Those are the sort of 
problems that arise when one thinks of a simple problem like washing one’s hands. 

We are very fortunate this afternoon in having Mr. Courtney Harwood to speak 
to us on ‘Modern Detergents’. He has probably a more unique experience in the 
detergent field than any man in the world. For twenty years he was, as you know, 
the responsible head of the Launderers’ Association, and the things you have sent 
to the laundry or you get back from the laundry, have been improved remarkably 
by his activities. During the last few years he has retired from that post, but he has 
still been interested in what might be called the research aspect of detergents. 


The following paper, which was illustrated by lantern slides and a film, was then read : 
THE PAPER 


Detergency has provided a most fruitful field of research to the physical 
chemist, and to-day there can scarcely be anyone—least of all a housewife—who 
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is not interested in modern detergents, which are being sold in thousands of 
tons annually and in ever-increasing quantities. The story behind the develop- 
ment of the chemical processes by which they are produced is a fascinating one; 
from some angles it is almost as exciting as the story of the development of 
atomic power: but with a difference. The uses to which synthetic detergents 
and other surface active agents are put are really all beneficent in character and 
have become part and parcel of our daily lives. The major difficulties to which 
they have given rise are in connection with sewage disposal and water pollution: 
and these problems have presented themselves during the past decade or so, 
coincidently with the striking increase in the volume of sales of synthetic deter- 
gents on the domestic market. With this aspect of the question, my 
friend, Dr. B. A. Southgate, will be dealing in his paper. 


HISTORICAL BACKGROUND = 


The rapid development of processes for the production of synthetic detergents 
and the present wide use of these compounds both in industry and in the home 
is particularly noticeable when viewed against the historical background of 
clothes washing, where we find that water was the principal cleansing medium 
for thousands of years, then water plus some naturally produced alkaline material, 
to be followed, during the past 200 years or so, by soap and water. Only during 
the past two decades have synthetic detergents come to the fore. 

We may perhaps ask ourselves whether modern controlled processes, synthetic 
compounds and complicated machines are really necessary: can we not revert 
to more simple means of cleansing our clothes and household linen? The answer 
to that question is definitely ‘No’, for three chief reasons: 

(i) because soiling matter has become more difficult to remove than it was 
from the clothes of an agrarian population; 

(ii) because there are many more types of textile fabric on the market, each 
with its own peculiarities; 

(iii) because standards of hygiene have advanced immeasurably during the 

past century. 

Water was used as the cleansing medium for garments as soon as man began 
to weave fabrics wherewith to clothe himself, whether these garments were made 
of linen, of silk, of wool or of cotton. Earliest records show that in Egypt, for 
example, the wearing of fabrics and their cleansing in water dates from about 
4000 B.c. After many centuries had passed, alkaline substances such as naturally 
occurring potassium carbonate or sodium carbonate were added, to facilitate 
the removal of some of the soiling matter. In the fifteenth and sixteenth centuries, 
we find that bed-linen and garments made from a variety of linen cloths, were 
cleansed in this country by first soaking them in a lye made from wood ashes 
and then by washing them in running water. The potash in the wood ashes 
provided the alkaline material which undoubtedly facilitated the removal of 
body exudations, which are of a greasy nature. 

It is difficult to fix the date, even approximately, when soap was first used 
to wash clothes. As a compound, soap was known in Pliny’s day but was 
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apparently used then as a pomade for the hair, rather than as a detergent! In the 
seventeenth century, however, the use of soap in the washing of household 
linens was fairly widely practised in this country, as references to the literature 
of the time clearly show; certainly in the eighteenth century it was fairly generally 
used for that purpose and alkaline materials such as pot ash and pearl ash were 
added to the solution. The addition of an alkaline material to a soap solution is 
standard practice to-day to prevent hydrolysis and, where cotton and linen 
goods are concerned, to provide a sufficiently high alkalinity to facilitate the 
removal of greasy soiling matter. 


DETERGENT ACTION 


Having seen that modern condition demand the use of a detergent—whether 
it be soap or a synthetic—in the cleansing of soiled fabrics or, indeed, in the 
cleansing of any soiled surface, we may at this stage ask ourselves what we mean 
by a detergent, how does it function? It is interesting to note that older editions 
of standard dictionaries define detergent, as a noun, as ‘medicine which has the 
power of cleansing; soap’. This clearly indicates that the existence of synthetic 
detergents was not generally known during the earlier part of this present century. 
We may define a detergent as a surface-active agent which, to be effective, must 
perform the following functions in the same solution: 

(i) it must wet the surface of the substance to be removed and eventually 
the surface of the material to which the soiling matter is adherent; 

(ii) it must displace the soiling matter from that surface; 

(iii) having removed the soiling matter, it must emulsify it, that is, if the 
soiling is greasy this must be broken down into very fine globules or 
droplets ; 

(iv) it must suspend the soiling matter and prevent its redeposition on the 
surface from which it has been removed. 

It should also be easily washed away from the cleansed surface though traces 
may be adsorbed on that surface. 

A great deal of investigational work on the principles of detergent action was 
necessary before these conditions could be stated in relatively simple terms: 
and although, in practice, the cleansing of a soiled fabric seems a relatively simple 
matter, satisfactory results are produced only if the detergent solutions possess 
the important properties which have just been outlined. A knowledge of the 
behaviour of soiling matter is of paramount importance: its physical 
characteristics and those of the surface of the material to which this soiling 
matter adheres, play a large part in determining the type of process which can 
most effectively be employed. It is natural, therefore, that many studies of the 
role of the substrate in detergency should have been undertaken and, although 
space does not permit of detailed references, the work of such investigators as 
Fineman and Kline,’ Hart and Compton,? Reumuth,* and Utermohlen* may 
be mentioned. 

Rideal® has stated that the wetting of a fabric involves consideration of the 
density of packing and the orientation of filaments and hairs to the surface as 
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well as the wetting angle of the solution to the material. Adam,* following up 
work done by Thomas Young, nearly a century and a half ago, has shown that 
a low value of the grease/solution interfacial tension is generally desirable, if the 
surface of the solid is to be properly wetted and soiling matter is to be removed. 


ite 


Ficure 1. The ‘rolling-up’ of an oil film on a 
wool fibre immersed in a detergent solution ( ~ 300) 


Bayley’ and his co-workers in Canada have made an extensive study of the 
adsorption of detergents by textile fibres and have found that anionic and cationic 
detergents were adsorbed to a comparatively small extent by cotton which 
adsorbed more non-ionic compounds than did any of the other fibres. On the 
other hand, wool showed a high capacity for adsorbing anionic and cationic 
compounds, but did not adsorb non-ionic compounds to any appreciable extent. 

In the British Launderers’ Research Association Laboratories it has been con- 
firmed that, where detergency in the laundry is concerned, the conditions 
obtaining are very complex owing to the ill-defined nature of the interfaces 
involved and to the reactivity of the material being cleansed. In order to examine 
the properties of detergents, soiled test cloths have been used in many laboratories, 
but no universally satisfactory standard soiling matter has yet been found. 

A few years ago Powney and Feuell* in the B.L.R.A. Laboratories, devised 
an improved technique for carrying out detergency tests by using chopped fibres 
which could be uniformly soiled. The formulation of a really satisfactory standard 
soiling matter remained a question of considerable importance: but more 
recently Wagg® published the composition of a soiling mixture which simulates 
what is termed ‘natural soiling’, and the use of such a mixture in laboratory 
practice has given much closer correlation with large-scale results. 

Lambert and Sanders,’ in America, have carried out many fruitful investiga- 
tions. They have used a soiling mixture based on the composition of fatty matter 
found in soiled garments and of street dirt, and applied this mixture by rubbing 
it into the fabric. 

In practical detergency, it is to be noted that when greasy agglomerations are 
first displaced from the solid surface which is being cleansed, relatively large 
pieces of ‘dirt’ may be dispersed in the detergent medium. Subsequent dispersal 
into a finely divided state, that is emulsification proper, requires both considerable 
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force and a careful adjustment of the dispersion medium: the tendency of the 
finely divided ‘dirt’ to re-adhere, on collision, to the solid surface which is being 
cleansed must be reduced to a minimum. In other words, the detergent solution 
must possess what, for some years, has been termed ‘good suspending power’, 
a subject which Wagg" has carefully studied with rewarding results. Detergency 
may therefore be considered as a reversible process and the criterion of whether 
a detergent solution is good or not depends upon whether the rate at which 
dirt is emulsified and suspended keeps pace with the rate of dirt removal. 

We may now define detergency as the permanent removal of soiling matter 
from a solid surface without damage to that surface; and as far as textile deter- 
gency is concerned, the solid is usually of a fibrous nature, which makes the 
process even more complicated. We have seen that a good detergent solution 
must effectively ‘wet out’ a fabric in order to establish intimate contact between 
the dirt and the detergent solution: it must displace the dirt from the fibre 
surfaces and it must properly emulsify the removed soiling matter and hold it in 
a finely divided state, so that it is not re-deposited on the fabric but is discharged 
to drain in the washing liquors and in the rinse waters. Against these criteria 
of a good detergent, washing compounds must be judged. 


DEVELOPMENT OF MODERN DETERGENTS 


We now turn from the laboratory side of detergency to the more practical 
side as we follow the development of modern synthetic detergents from almost 
isolated beginnings to their present dominating influence in the domestic field. 
Soap remained as the general-purpose detergent on the domestic market up to 
the outbreak of the Second World War, though some synthetic detergents found 
limited application in the commercial field. 

The history of the development of synthetic detergents begins with the chemist 
Frémy who, in 1831, sulphonated olive oil and castor oil; three years later, Runge 
neutralized these oils and found that the product was very satisfactory for use in 
textile dyeing processes. This led to the commercial introduction, over 100 years 
ago, of the so-called Turkey Red Oil, which is a partially sulphated castor oil, 
and which has been successfully used in the textile industry as a wetting agent 
during most of that period: it can be considered as the forerunner of the many 
synthetic detergents available to-day. 

Soap, a first-class detergent in soft water, possesses certain marked dis- 
advantages, particularly when used in hard water. Its calcium and magnesium 
salts are insoluble in water; it is unstable in acid solution: these disadvantages 
are associated with the presence of the carboxylic acid group. By the introduction 
into the carbon chain of other hydrophilic groups such as the sulphonic acid 
group—SO,H, where the sulphur atom is attached directly to a carbon atom in 
the chain, or better still, a sulphuric ester group-O.SO,H where the sulphur 
atom is linked to a carbon in the chain through an oxygen atom, the first of the 
really competitive synthetic surface active compounds such as Turkey Red Oil, 
were produced. Moilliet and Collie’* have pointed out that until comparatively 
recently it was probable that over ninety per cent of the production of 


471 














JOURNAL OF THE ROYAL SOCIETY OF ARTS IOTH MAY 1957 


commercially important synthetic surface-active substances contained either a 
sulphonic acid group or a sulphuric ester group. 

To the American, Twitchell,’* goes the credit for having deliberately syn- 
thesized a commercially important sulphonic acid which he used in his well- 
known Twitchell process for the splitting of fats. The first of these sulphonic 
acids was prepared by reacting oleic acid with sulphuric acid at high temperature. 
The resulting product was believed by Twitchell to have the formula, 


C,,H,,(SO,H) . COOC,,H,, . COOH. 


Early in this century the technique of high-pressure hydrogenation of fats 
and oils was developed in Germany and this proved to be an extremely valuable 
tool in the production of the fatty alcohol sulphonate type of detergent. Further 
significant developments occurred during the First World War when, owing 
to an acute shortage of fats and oils, the Germans concentrated considerable 
scientific and monetary resources on the discovery and production of compounds 
which would form substitutes for soap. 

By 1925, the I.G. Farbenindustrie had appeared in the field with a process 
for the production of fatty alcohols by reduction of fatty esters with metallic 
sodium. The fatty alcohol sulphates which were made therefrom were good all- 
round detergents but were expensive to produce and still are to-day. 

It was not only in Germany that intensive research on methods of producing 
suitable surface-active agents was prosecuted, for a great deal of work went on 
in the United Kingdom, in the United States and in Holland, as well as in other 
parts of Europe. Imperial Chemical Industries, in Great Britain, produced 
their Lissapol L.S., which was the sodium salt of the condensation product 
of oleic acid chloride and p-anisidine sulphonic acid, and which has the formula 


stem 
20,~ , Na* 


In the same period, the American Cyanamid and Chemical Corporation 
manufactured various esters of sulphosuccinic acid which were sold under the 
trade names ‘Aerosol’ and ‘Vatsol’. Aerosol O.T. possesses the formula 


C,H,, . OOC . CH-SO,Na 


C,H,, . OOC . CH, 


The I.G. Farbenindustrie initiated a big programme of intensive research 
on synthetic detergents round about 1925, which resulted in the development 
of the Igepons and the Igepals. The Igepons were based on the condensation 
of fatty acid chlorides with ethionic acid and taurines, whilst the Igepals were 
originally non-ionic detergents based on the condensation of various quantities 
of ethylene oxide, first with fatty alcohols or fatty acids and later, with alkyl 
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phenols and naphthols. A wide range of useful synthetic detergents, suitable 
for a variety of purposes, was produced: in fact, according to Hoyt" the I.G., 
in their factory at Horchst, had produced no less than 57 varieties of Igepon! 

The basic process for production of Igepals has been considered to be one of 
most important advances in the chemistry of surface-active compounds. Ethylene 
oxide is an extremely flexible and chemically reactive raw material. It was 
possible to condense it with fatty alcohols to give water-soluble products having 
excellent washing and emulsifying properties: and the fatty group could be 
successfully replaced by an alkyl phenol or alkyl naphthol radicle. The choice 
of the phenolic group modified the properties of the resulting product to some 
extent, but the decisive factor was the number of oxyethane groups which had 
been introduced. 

The simultaneous use of an added-~SO,Na group enabled the number of 
oxyethane groups to be reduced; but the introduction of a sulphonic group 
changed the Igepal from a non-ionic to an anionic detergent. In such ways 
therefore, a range of synthetic detergents was produced which did not depend 
on natural sources of fats and oils. 

The extensive development in the production of hydrocarbons from coal by 
the Fischer-Tropsch process provided Germany with a cheap and abundant 
supply of certain fractions from which synthetic detergents were prepared, 
although the earlier types were not of very good quality: but the urgent necessity 
of providing large quantities of detergents which did not demand the use of 
fats or oils at any stage was a very potent and compelling factor during the last 
war. 

Alkane sulphonates were derived largely from ‘Kogasin’, a liquid hydrocarbon 
produced in the Fischer-Tropsch process: but it should be noted that the large 
annual output of 75 million lb. was achieved by the operation of the Reed 
process," discovered in the United States in 1933. The products which were 
eventually sold to the soap makers or to the public under the name ‘Mersolat’, 
contained varying percentages of the active material which was a sodium alkane 
sulphonate. 

In this country and in the United States, the shortage of fats and oils was not 
as acute as in Germany, but in the United Kingdom it became sufficiently 
serious to give rise to the rationing of soap and to the search for detergents which 
could be made from non-fatty sources. Fortunately a very large source of hydro- 
carbon material was available as a by-product in the refining of petroleum. 
Research work in this field produced the so-called ‘cracking’ process in the early 
1920s, in which, by the application of heat or of heat and pressure combined, 
the larger, less volatile molecules of which fuel oil is composed are broken 
down into smaller molecules of petrol or gasoline. The numerous gases and 
liquids, which are mixtures of olefines, produced as by-products of this process, 
form a very large source of the hydrocarbon material used in the manufacture of 
modern detergents. 

The question of producing synthetic detergents on a large scale from petroleum 
sources was being considered by the Shell Petroleum Company prior to the 
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Second World War and a pilot plant to investigate the possibilities was erected 
in 1936. Two years later it was decided to commence bulk production of a 
secondary alkyl sulphate which became known as “Teepol’, but, because of the 
outbreak of War, the plant at Stanlow in Cheshire did not come into production 
until 1942. The Shell Chemical Company’s capacity for the production of alky! 
sulphates has been greatly increased since that date. 

More recently, the British Petroleum Co. Ltd. has been producing secondary 
alkyl sulphates in Scotland, from refined shale oil which contains a proportion 
of olefines. It is understood that these alkyl sulphates (for example, ‘Comprox’) 
are probably the only ones which are produced from olefines which have not 
been prepared by a ‘cracking’ process: the olefines are certainly the only 
completely indigenous ones. 

This summary of the historical development of synthetic detergents must 
of necessity be brief; but I hope that sufficient has been said to indicate the 
immense amount of research and development work which has been carried out 
and to demonstrate that manufacturers of synthetic detergents have devoted 
much time, thought and money in recent years to the improvement of their 
products so that in use they might produce the results expected of a first-rate 
detergent. 

SOAP AS A DETERGENT 


In soft water or water softened by chemical means, soap fulfils every require- 
ment of a good detergent. It is soluble in water, it is a good wetting agent, it 
will remove and emulsify soiling matter and then hold it in suspension in the 
detergent solution; but it is not compatible with hard water. The hardness- 
forming salts of calcium and magnesium which are dissolved in hard water 
react with soap to form calcium and magnesium soaps which are insoluble. 
If, then, soap is used in hard water for the washing of clothes, a certain amount 
of soap is initially ‘destroyed’ by the hardness of the water—the quantity so 
destroyed depending on the degree of hardness—and is rendered ineffective 
from the point of view of detergency. Also, some of the insoluble calcium and 
magnesium soaps which are formed are deposited on the washed fabric, 
particularly during the early stages of rinsing; and although these insoluble 
soaps may be white in the pure state, yet under the conditions obtaining during 
the washing of soiled textile fabrics they impart a grey colour to a white fabric, 
because they carry down with them traces of very finely divided soiling matter. 

In commercial laundering, softened water is almost invariably used nowadays 
and an alkaline material such as sodium carbonate or sodium metasilicate is 
employed to assist the detergent action and to prevent the hydrolysis of the soap. 
Such alkaline materials are usually termed ‘builders’, and a soap powder which 
contains such substances in balanced proportions, is termed a ‘built soap’. 
Although synthetic detergents are finding an increasing industrial market, soap 
is still the premier detergent in that field. 

In the home, the washing is usually done in hard water and if soap is used, 
insoluble calcium and magnesium soaps are deposited, leading to greying of the 
work. Even the addition of alkaline materials does not cure the trouble but, in 
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FicurE 2. Complex formation with a soap ( 300) 


many cases, leads to precipitation of further insoluble compounds. It is in the 
field of home laundering and general cleansing that the synthetic detergents 
have found a ready market. They are compatible with hard water and are not 
therefore precipitated. 

MODERN SYNTHETIC DETERGENTS 


Synthetic detergents offered on the domestic market are usually sold as 
powders in admixture with other chemical materials, though a small percentage 
is sold in liquid form and is very convenient for use in washing up. The additives 
consist of foaming agents, substances which assist detergency and compounds 
which impart suspending power to the detergent solution. It is this last-mentioned 
necessary property of a complete detergent which is not present in the solution 
of a synthetic detergent per se. Lack of suspending power was a serious feature 
of otherwise excellent synthetic detergents and a great deal of research work 
was carried out in many laboratories in an attempt to overcome this defect. 

Modern detergents fall into three main classes of surface active compounds, 
namely (i) anionic; (ii) cationic; (iii) non-ionic. 

The anionic-active compounds form the largest group which includes soap, 
primary alkyl sulphates, secondary alkyl sulphates, alkyl aryl sulphonates and 
sulphonated hydrocarbon oils. 

Of the cationic group, two are worth noting—not because of their detergent 
properties—but because of their use in the oiling of hospital bedclothes and ward- 
hangings for the prevention of cross-infection in hospitals'* and because of 
a possible use as bactericides during laundering: they are cetyl pyridinium 
bromide and cetyl trimethyl ammonium bromide. 

The non-ionic group is typified by the polyethylene condensation products. 

Sales of synthetic detergents have shown phenomenal increases since the War, 
both in the United States and in the United Kingdom: in the former country, 
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over sixty per cent of the total detergent market has been captured by synthetics 
whilst in the United Kingdom, the figure approaches forty per cent. I am indebted 
to the Shell Chemical Company Limited for kindly supplying the following 
figures : 


TABLE I. UNITED KINGDOM MARKET (1955)—CLEANSING MATERIALS 


Total 
546,000 tons 


| 





Soap (70% F.A.) Synthetics (21% A.M.) 
351,000 195,500 
| 
| | Li 
Anionic Nonionic Cationic 
180,500 14,000 1,000 
ces | 
Primary alkyl Alkyl aryl Secondary 
sulphates sulphonates alkyl sulphates 
2,000 150,000 28,500 





The various types of synthetic detergent were sold in approximately the 
quantities indicated in Table II, and for the purposes shown. 


TABLE II. UNITED KINGDOM MARKET (1955)—SYNTHETIC DETERGENTS 


( Tonnage calculated as 21°, active material) 


Primary | Secondary Alkyl 
alkyl alkyl aryl _ Nonionics _ Cationics 
sulphates sulphates _ sulphonates | 











Domestic | 
market 500 7,000 149,000 | 9,200 ~ 
Industrial 
cleaning — 9,800 — 700 1,000 
Industrial 
processing | 1,500 11,700 1,000 4,000 — 
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Primary alkyl sulphates 


‘These products are derived from primary alcohols which are obtained by the 
hydrogenation of fats or by hydrolysis of sperm oil or coconut oil. They are 
good detergents but, being derived from naturally-occurring long-chain fats or 
oils, are more expensive than the true synthetic detergents which are produced 
from non-fatty sources. They are supplied in paste or powder form and do not 
give rise to any difficulties during processing. 


Secondary alkyl sulphates 


This group of compounds is produced from petroleum products, as already 
indicated. They are not ‘pure’ compounds in the strictly chemical sense, but 
consist of a mixture of homologues where the long carbon chain contains from 
12 to 18 carbon atoms. Commercially, they are sold as liquids or pastes though 
they may be blended with alkaline materials to form powders. Since secondary 
alkyl sulphates are somewhat hygroscopic, such powders tend to become sticky 
when in contact with moist air and, for this reason, they are not used in the 
detergent mixtures which are sold to the public in the form of packeted powders. 
They are, however, widely used in industrial processing and in commercial 
laundering. 


Alkyl aryl sulphonates 


These are formed by the alkylation of an aromatic hydrocarbon such as benzene, 
followed by the sulphonation of the alkylate and neutralization of the resulting 
product. The alkylate which is used in this country to produce over ninety per 
cent of the alkyl aryl sulphonate sold, is dodecyl benzere. Alkyl aryl sulphonates 
form by far the largest group of synthetic detergents manufactured and sold 
either in the United States or the United Kingdom. They give a dry, non- 
dusting powder which makes them ideal for use in packeted detergents for the 
domestic market. They are somewhat less soluble in water than are the sulphated 
secondary alcohols, but this is an advantage in this connection, since they are 
less hygroscopic and so will store in a packet without becoming sticky or forming 
rather hard agglomerates. 

Some general observations on this important group of synthetic detergents 
should properly be made here. The length of the carbon chain in the alkyl part 
of the molecule greatly affects the properties of the resulting product: first, the 
alkyl benzenes themselves are difficult to sulphonate if the attached alkyl group 
contains a long chain of C-atoms: and if this hydrocarbon chain is lengthened 
greatly, the product becomes less soluble in water. If the aromatic group becomes 
large as, for example, when naphthalene is substituted for benzene, solubility 
is again decreased. On the other hand, if the number of C-atoms in the alkyl 
group is considerably reduced, the solubility of the product increases, as does 
the wetting power but detergency falls off. If the size of the aromatic group is 
increased at the same time as the number of C-atoms in the alkyl chain is reduced, 
falling off in detergency is prevented and the products which result are primarily 
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wetting agents. Such products, however, have a very strong de-fatting effect on 
the skin and so are unsuitable for domestic use. 

To be effective as detergents, these synthetic products should contain an 
alkyl chain in which the number of C-atoms is greater than ten and preferably 
between C,, and C,,: it should be noted that this, significantly, corresponds 
approximately with the chain length in soaps. 

Non-ionic synthetic detergents 

The number of surface active agents of the non-ionic type is not large but 
includes the important poly-ethylene condensation products, which, in this 
country, are made principally by two firms, Imperial Chemical Industries Ltd. 


and Petrochemicals Ltd. They are produced by condensing ethylene oxide with 
di-octyl cresol and di-octyl phenol respectively. 





Ficure 3. Complex formation 
with a synthetic detergent ( x 300) 


The non-ionizing synthetic detergents are sold principally in liquid form and 
find a market both domestically and in industrial processing and cleaning. Being 
oil-soluble they are particularly useful in the removal of greasy soiling matter 
and are applied, for example, in the de-greasing of leather and the cleaning of 
oil tanks. They are also used in the washing of engineers’ overalls and other 
articles which are contaminated with greasy materials and for the low-temperature 
washing of wool: they form good additions to the washing-up water. 


DOMESTIC DETERGENT MIXTURES 


The analyses of typical synthetic detergent mixtures on the domestic market 
are given in Table III. 
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TABLE III. ANALYSES OF TYPICAL DOMESTIC DETERGENTS 








A B C D 
% wt. | % wt. “wt. | % wt. 
Alkyl aryl sulphonate (active | 
material) ... ee oe 21 | 20 21 20 
Lauryl alkanolamine ‘nt 3 | 3 2 3 
Sodium silicate (5HfO) ... is 4 - 4) 7 
Sodium sulphate (anhyd.) ... 16 | 27°5 30°5 31'S 
Sodium tri-polyphosphate ... 37 38 34 38 
Sodium perborate ... fs 4 | 4 2 — 
Sodium chloride... a 3 — 2 
CMC and ‘optical white’ I os | 0°5 o°5 


It may be surprising to see the number of chemical compounds which are 
incorporated in a domestic washing powder based on synthetic detergents: 
but they all play their part and some are very necessary to impart properties 
which the synthetic detergent itself does not possess; although inorganic salts 
are sometimes present adventitiously in commercial surface active agents, most 
of the ‘builders’ listed above have been added for the purpose of increasing 
detergent efficiency. Some help to saponify greases which are frequently present 
in the material to be cleansed: some increase the surface active effect of the 
synthetic detergent itself. There are two additions on which some more detailed 
comment is necessary. 

Lauryl alkanolamine is a foaming agent; many synthetic detergents do not 
produce much foam in aqueous solution, and I think it is almost axiomatic to 
say that the housewife demands a good lather on her washing liquor—otherwise 
it is not considered to be effective; many investigators, however, consider that 
foam plays no significant part in detergency. 

The small percentage of CMC (an abbreviation for sodium carboxymethyl 
cellulose) plays a very important part because solutions of synthetic detergents 
are somewhat lacking in suspending power. The addition of such a relatively 
small amount of CMC imparts suspending power to a remarkable degree and 
brings synthetics more in line with soaps in this respect. 

Included with CMC in the above analyses is another type of compound referred 
to as ‘optical white’. These are colourless dyes which possess the property of 
absorbing the invisible ultra-violet light from daylight and emitting a visible 
light (an effect known as fluorescence) which is bluish white. When, therefore, 
an optical white is applied to a fabric which is somewhat yellowish in colour, 
the effect is to neutralize this yellow tint and make the fabric look whiter. This 
is a different effect from that produced by the application of an ordinary laundry 
blue: in that case, the amount of yellow light reflected from the fabric is reduced; 
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Ficure 4. Action of foam on an oil patch 


optical whites, on the other hand, balance the yellow colour by adding blue 
light and so the effect is very much brighter. It can be overdone however, and 
a white fabric can then acquire a definite blue or mauve tint which is not very 
pleasing. 


DIFFICULTIES FOLLOWING THE USE OF SYNTHETIC DETERGENTS 


Two very important questions have arisen in recent years, as a result of the 
vastly increased use of synthetic detergents in the home: first of all, there was 
considerable controversy over the possible effects of synthetic detergents on the 
human skin; then there was the great difficulty which arose at some sewage 
works, in the disposal of the domestic effluent and the subsequent pollution of 
water supplies. 

The whole question of the effect on public health of the widespread use of 
synthetic detergents has formed the subject of an enquiry by a Government 
Committee; in its report,'’ issued last year, the Committee concluded that when 
regularly used in contact with the skin, synthetic detergents, like other washing 
products, could give rise to dermatitis, but that there had been no significant 
growth in the incidence of dermatitis, following their widespread use. 

If crockery is washed with synthetic detergents and drained dry without 
rinsing, traces of the materials of which the detergents are composed may remain 
on the surface and be ingested during subsequent use. From the evidence so 
far available, the Committee did not consider that there had been any resultant 
ill-effects. Attention was also drawn to some troubles which had arisen in some 
plumbing systems and household appliances through the use of household 
synthetic detergents, but again, the Committee was of opinion that these troubles 
were neither widespread nor serious. 
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The Committee recommended that the position should be carefully watched 
by the setting up of a representative advisory body ‘to give counsel and facilitate 
research on all these matters’, including that of sewage disposal. 

As to the effect of synthetic detergents on sewage treatment, no generalized 
Statement can be made. Synthetic detergents, as we have seen, differ widely 
in their chemical constitution and possess varying physicochemical properties. 

Large-scale tests at a municipal sewage works showed that the disposal of 
effluents containing significant quantities of a secondary alkyl sulphate presented 
no difficulties and the outflow was virtually free from detergent. Such synthetic 
detergents as alkyl aryl sulphonates and foaming agents such as lauryl 
alkanolamine do, however, present problems in sewage disposal, which will be 
authoritatively covered by Dr. B. A. Southgate, Director of the Water Pollution 
Research Laboratory of D.S.I.R., in his paper. 


ACKNOWLEDGEMENTS 


I would express my grateful thanks to the Council of British Launderers’ Research 
Association for permission to include references to investigations carried out at 
the B.L.R.A. Laboratories and for the loan of some lantern slides; to the Shell 
Chemical Co. Ltd., and Irano Products Ltd. for statistical and other information; 
and to Unilever Ltd. for the loan of a film strip illustrating the development and 
manufacture of synthetic detergents. 


REFERENCES 


1. Fineman, M. N. and Kline, P. J., Journal of Colloid Science, 1953, 8, 288. 
2. Hart W. ‘. A Compton, i PR rwrte and Engineering Chemistry, 1951, 43, 1584 ; 1952, 44, IT 
3. Reumuth, H. (Wascherie Technikund-C hemie, 1949, TT, 41). (Schweiz Verewmigung Fachorgan fir Fistiteoredlune, 

1951, 6, 245 ; 1952, 7, 85. 

4. Utermohlen, W. P., Ryan, M. E. and Young, D. O., Textile Research Journal, 1951, 21, 510. 

5. Rideal, E. K., Chemistry and Industry, 1948, 403. 

6. Adam, N. K., " Journal of the Society of Dyers and Colourists, 1937, 53, 121. 

7, Weatherburn, A. S. and Bayley, C. H., Textile Research Journal, 1952, 22, 797. 

8 eg Be and Feuell, Mg Research, 1949, 2, 331. 

9. Wagg, R. E., Journal of Arexbile Institute, 1952, 43, T515. 

1o. Lambert, M. and Sanders, H. L. (Industrial and Engineering Chemistry, 1950, 42,1388). (Journal of the American 
Oil Chemists Society, 1950, 27, 153.) 

11. Wagg, R. E., Journal of the Textile institute, 1952, 43, Teas. 

12. Moilhiet, J. U. and Collie, B., Surface Activity (1951), p. 24 

13. Twitchell (Industrial and Engiesrine Chemistry, 1917, 9, 102, ) (United States Patent, 601, 603.) 

14. adi J., British Intelligence Objectives Sub-C , Mis Reports, No. 11. 

15. Reed, C. F. and Horn, United States Patent, 2,064,090. 

16. Harwood, F. C., Powney, J. and Edwards, C. W., British Medical Journal, 1944, i, 615. 

17. Ministry of Housing and Local Government —Report of the Committee on Synthetic Detergents. Her Majesty's 
Stationery Office, 1956. 





DISCUSSION 


MR. W. K. BENWELL: Would the lecturer say a word on hard and soft water and 
synthetics ? 


THE LECTURER: The synthetics are equally good in hard or soft water. Soap, as 
I indicated, is incompatible with hard water, but works perfectly in soft. 


MR. BENWELL: I have heard it stated that synthetics are sometimes better in hard 
water than in soft, particularly the household detergents; does the lecturer agree? 


THE LECTURER: I do not think there is any particular evidence to support that as 
a generalized statement, as far as present ‘built’ synthetics are concerned. If they 
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were used by themselves I have no doubt that the inorganic salts in solution in 
hard water would assist the detergent effect, but I do not think a well-built synthetic 
is affected to any significant degree whether it is used in hard water or in soft water. 


MR. R. F. STEWART: I would like to ask if these synthetic detergents will take the 
place of soap in the shaving operation? 


THE LECTURER: I can only express a personal opinion, for I still prefer old-fashioned 
soap for shaving. I imagine that soap will continue to be used for shaving purposes, 
particularly until such time as the query of the effect of the synthetic detergents on 
the skin is finally cleared up. As I indicated, the Government Committee stated 
that there was no evidence of an increase in dermatitis through the widespread use 
of synthetics, but they are very good fat-removing substances, and I would personally 
prefer that someone else should experiment on his chin! 


MR. STEWART: Has the lecturer any theory as to the exact role of soap in shaving? 
It is a matter that interests me very much; I do not think the actual wetting is the 
important thing, but the lather seems to have a very important function. 


THE LECTURER: You have asked me a question which I recall having often asked 
myself when standing in front of a shaving mirror. I have tried to devise various 
theories, but none of them, I think, properly explains the role of soap. I used to 
think that perhaps the minute bubbles that one obtains with a shaving soap did get 
round the stubble and softened it, and also made it stand out from the skin, thus 
allowing the razor to cut it more easily—but that is mere speculation. 


MR. J. H. LEA: Could the lecturer give us any information as to the effect of deter- 
gents on dyes used in fabrics and compare this process on dyes with the various 
soaps ? 


THE LECTURER: In my experience I have not found that synthetic detergents 
per se have any injurious effect on dye stuffs: but I ought to mention in connection 
with this question that the inclusion of optical white in synthetic detergent powders 
has caused a certain amount of trouble with dyed goods, particularly goods dyed to 
a pastel shade—not because the detergent itself affects the dye, but because the small 
quantity of this colourless fluorescent substance, the optical white, impregnates 
the fabric, and the bluish-white light which it emits does give the appearance of 
having faded the dye. You see you have virtually ‘whitened’ the colour of the dye 
by this effect, which is particularly noticeable in fabrics which are dyed a rather 
pale pastel shade. The question has been raised in several branches of the textile 
industry. With lace, for example, there was a good deal of trouble a few years ago; 
lace dyed, say, to an écru shade using fast vat dyes, was sold in the home and export 
markets, and it was not long before some of it was returned to the manufacturers 
with a complaint of dye fading. Now it transpired, as I have indicated, that it was 
not a question of dye fading at all; the effect of traces of this colourless fluorescent 
dye, the optical white, superimposed on the colour effect of the écru dye, did definitely 
give the appearance of fading. It can be proved conclusively that this is the explanation, 
because once you have removed the optical white, and incidentally some are rather 
difficult to remove, you find that the dyestuff has been quite unaffected by the 
synthetic detergent itself. ? 


MRS. HILDA M. WHITLOW: May I ask the lecturer what is the method of removing 
the optical white when it is obstinate, without affecting the primary dyes? 


THE LECTURER: That is a problem, particularly if the optical white is substantive 
to the fabric. I am afraid that in that case, if it is really fast, it is almost a question 
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of attrition, the fabric requiring washing a number of times in soap or in a synthetic 
detergent which contains no optical white. Some, fortunately, are not as permanent 
as others, and these can often be removed in one or two washes. Those which are 
more fast to washing do, in fact, tend to build up on the fabric, and they are very 
difficult to remove. I would not advise any drastic treatment, since that would most 
probably affect the dyes as well. 


MR. STEWART: Could the lecturer give us any information about the cost of these 
things? In a naturally soft-water area like Glasgow, for instance, would it pay to use 
soap in a household or to use one of the detergents? 


THE LECTURER: This is really a question of economics. At the moment I think 
it would probably be slightly cheaper to use soap if you have a really soft water 
supply. If it is hard, of course, so much soap is destroyed and you therefore have to 
add so much more that it is advantageous to use a synthetic. If the cost of synthetics 
comes down still further, it will make it more difficult for soap to compete 
economically, even in soft water and in spite of its advantages under those conditions. 


MR. BENWELL: As a launderer, I have had several heavy claims for dyes of a light 
colour which have been changed by this optical white. I took the matter up with all 
the soap manufacturers making these synthetic detergents, and also the British 
Launderers’ Research Association, but I could get no satisfaction anywhere. What 


would Mr. Harwood suggest we do in order to try and get some satisfaction from 
somebody? 


THE LECTURER: As a personal opinion, it seems to me that the only way to draw 
attention to this sort of thing is to obtain some publicity in the national press. Get 
some of the women columnists to take notice and to make a few factual remarks. 
General sensible statements in the daily press should warn the public that if they 
wash a dyed garment, particularly if it is dyed a pastel shade, in any synthetic detergent 
which contains an optical white, they must expect to get a semblance of dye fading. 


MR. BENWELL: I think it is even a little more serious than Mr. Harwood mentioned, 
because a customer who does not use at home a synthetic detergent can have his 
washing affected by that of a customer who does use it. We had one particular 
case where we pointed out that the loss of colour was due to optical white; and the 
customer was able to prove that the work had never been washed at home, and so, 
of course, we had nothing else to do but to pay up as gladly and happily as we could. 


THE LECTURER: I am aware of that problem, which is a very real one; but as long 
as the synthetic detergent powders are being sold in the large and increasing quantities 
which I have indicated, and it is common practice to include an optical white, I do 
not see how you are going to convince people of the difficulties that are likely to arise 
unless attention is drawn to them nationally. It is a very difficult problem I know, 
and caused by a very small percentage of what can, in some circumstances, be a very 
useful ingredient. 


MR. S. T. BURKITT: I would like to add a word to what the previous speaker said in 
his comments on the question of optical white in the home detergent. I have not come 
up against it, as a launderer, to the extent he has, but the quantity in the detergents 
is such that we ourselves long ago gave up supplying our own. We merely rely on what 
comes from goods which have been washed at home and sent to us to supply the 
necessary amount. 


THE CHAIRMAN: We have listened to a very interesting address covering a very 


. wide field, and it does raise, as we have heard, a great number of problems. Sitting 
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listening to this, I was wondering myself why it is that a collar of one synthetic 
fabric gets dirty in half a day, of another in one day, and my cotton collar gets dirty 
in two days. I think that is about the time period of these different textiles. I was also 
wondering whether it is true that the dirt is only on the surface of these materials, 
and whether London dirt or Manchester dirt does not also go into solid solution in 
some of these fibres, and if so if, rather like this white we have been hearing about, 
it might be complimentary to the black that gets in straight away? 

The beautiful photographs we saw of the foam in the Gibbs ring, of course, reminds 
one of all the work that Ostwald and Wark did in connection with ore flotation, and 
we can see quite well how the particular matter would be carried round in the Gibbs 
ring, and so I would agree with the lecturer that the foam probably does play quite 
an important part in the detergents. 

Our lecturer ended up with two little photographs of myelin forms. Those of you 
who are interested in biology will recognize that they are beginning to get a little 
nearer to their home stamping ground. They have long been attractive to the biologist ; 
for the forms appear to grow as if they were alive. 

I am sure that all of us here would wish to extend our very greatest thanks to 
Mr. Courtney Harwood for a most interesting and very erudite paper on the subject 
of ‘Modern Detergents’. 


A vote of thanks to the Lecturer was carried with acclamation. 


SIR GRIFFITH WILLIAMS, K.B.E., C.B. (A Member of Council of the Society): 
It is my privilege to extend on your behalf to Sir Eric Rideal our great appreciation 
to him for coming here to-day, and indeed for coming here next week, thus devoting 
two afternoons to presiding over these extremely interesting and valuable meetings. 

I have had the privilege of the acquaintance of Sir Eric for ten years since we used 
to sit on the University Grants Committee together. Of his immense distinction as 
a chemist I am not qualified to speak, but that in itself would entitle him to take the 
chair at a meeting of this kind. In addition to that great distinction, Sir Eric has 
a most charming humour and delightful modesty which have come out in the remarks 
which he has made to-day and which make him a most enjoyable companion. I think 
we are very fortunate to have him among us to-day, and the same will apply next 
week; I am sure you would wish me on your behalf to extend to him your very 
grateful thanks. 


A vote of thanks to the Chairman was carried with acclamation, and the meeting 


then ended. 
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SYNTHETIC DETERGENTS—A 
NEW POLLUTION PROBLEM 


A paper by 
B. A, SOUTHGATE, C.B.E., Ph.D., D.Sc., F.R.I.C., 


Director, Water Pollution Research, D.S.I.R., 

read to the Society on Wednesday, 27th February, 

1957, with Sir Eric Rideal, M.B.E., M.A., 
Ph.D., D.Sc., F.RS., in the Chair 


THE CHAIRMAN: I imagine that my being in the chair to-day is a question of filial- 
piety, because my father was responsible for the foundation of the Association of 
Sewage Works Managers, which has now become the Institute of Sewage Purification. 

Last week we had the pleasure of listening to Mr. Courtney Harwood on the 
problems of modern detergents, what they were made of, how they were used, and 
how they stood up against the old-fashioned material called soap. This week we are 
going to follow the fate of that detergent when it goes down the sink. Probably 
many of you realize that even in your own sinks the enormous amount of foam that 
is produced by some of these modern detergents—as Mr. Courtney Harwood 
emphasized last week—is all-important to the housewife. These questions of foam 
have become extremely important when they get to the other end of the sink. Indeed, 
during the War many of us had speculations as to whether we could not make big 
foam barriers containing poison gas or something so that the enemy might be kept 
shut up in a bag of foam. Doubtless many of you have read accounts of how many 
of the big oil companies preserved the fire hazards from their oil storage tanks by 
the potentialities of foam belts. It may be, of course, that we do not often see Aphrodite 
rising from the foam, indeed foam may be a very great nuisance. I think it is on some 
of these aspects that we shall have the pleasure this afternoon of listening to Dr. 
Southgate, whose knowledge of water pollution and its problem is probably unrivalled 
anywhere in the world. 


The following paper, which was illustrated with lantern slides, was then read : 
THE PAPER 


When the first packages of synthetic detergent mixtures were put on the 
market and the housewife began to buy them instead of soap, there must have 
been very few people who foresaw that within a few years a Government 
Committee would have been set up to report on the effects of these substances 
on the functioning of the public-health services, and that research would be in 
progress in many parts of the world on their influence on the treatment of sewage, 
the condition of rivers, and the purity of public water supplies. The history of 
this incident has emphasized the complexity of the system of treatment and 
disposal of water used in this country, and indeed in most countries with an 
urban population and a water-carriage system of sewage disposal. 
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THE DISPOSAL OF SEWAGE 


It is estimated that in England and Wales the volume of domestic sewage to 
be got rid of is of the order of 1,500 million gallons daily. Part of this sewage— 
possibly about one-quarter—comes from towns on or near the coast and is 
discharged into the sea or, more often, into an estuary, either without treatment 
or after sedimentation to remove some of the suspended solids. In inland districts 
both sewage and industrial effluents have to be discharged to rivers which, in 
many cases, contain little water to dilute them, and before they reach the sea 
these rivers are often used as sources of water for industrial processes or for 
domestic supply. Except in highly industrial areas they are expected to support 
a population of fish for at least the greater part of their course. It is thus obvious 
that anything discharged to the sewers of a town which interferes with the treat- 
ment of the sewage, or which passes through the sewage works and subsequently 
interferes with the processes of self-purification which go on in rivers, or which 
damages a fishery, will be the subject of serious enquiry. This will be especially 
the case if the material survives the processes of purification used at the sewage 
works and in the river, and is still present in water taken as the raw material of 
a public water supply. It would then be necessary to consider what the physio- 
logical action of the substance was, and whether the processes of treatment used 
at a water works could be relied on to remove it before the water was distributed 
to the public. 

Sewage, in the form in which it reaches a works for treatment, is a turbid 
liquid containing large and small particles of suspended matter, together with 
organic and inorganic substances in solution. At most inland works—except 
for those few which still use a land-treatment system—the processes of 
purification are substantially the same in principle. The sewage is first passed 
through sedimentation tanks, in which it remains for perhaps six to ten hours, 
while much of the coarser suspended matter settles out in the form of a liquid 
sludge. This is removed from the bottom of the tanks at intervals and has to be 
dried to a point at which it can be handled as a solid. The liquid remaining 
after the sludge has been separated is still very polluting in character and is 
treated by one or other of two processes which, although apparently very different, 
in fact depend on the same essential principles. In the first of these the settled 
sewage is distributed over the surface of a percolating filter, which consists 
essentially of a bed of stones or similar material ventilated by natural draught. 
The filtering medium, during the course of use, becomes coated with a gelatinous 
film of bacteria and fungi, and supports also a population of larger organisms 
including worms and fly larve. In passing through this bed part of the organic 
matter is assimilated by the micro-organisms, which in turn are eaten by the 
invertebrate animals, and part is oxidized. The liquid leaving the filter is still 
turbid but on passing it through a further sedimentation tank the suspended 
matter is comparatively easily removed, leaving a final effluent which contains 
a residue of fine organic particles, a little organic matter in solution, and a mixture 
of ammonia and nitrate derived from the nitrogenous constituents originally 
present in the sewage. 
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In the second and more modern method of treatment (the activated-sludge 
process) sludge is removed from the sewage as before but the liquid is then 
passed through long tanks in which it is aerated either by bubbling air through 
it, or by agitating it with mechanical rotary agitators. Under these conditions an 
‘activated sludge’ is formed; this consists largely of clumps of bacteria and 
brings about the same changes as are caused by the film which grows on the 
medium of a percolating filter. After leaving the aeration tanks the liquid passes 
through a final sedimentation tank from the bottom of which sludge is removed 
continuously; part of it is pumped back to the aeration tank, and the excess is 
dried. From this process the effluent finally discharged is of generally similar 
composition to that from a biological filtration plant. 

Although many of the factors which influence the efficiency of both types of 
plant have not yet been properly investigated, it is clear that the sewage should 
not contain anything which interferes with the activity of micro-organisms, or 
with the supply of oxygen on which both processes depend. 

Until recent years, any special difficulties in treating sewage have usually been 
due to the presence of industrial effluents, large volumes of which are discharged 
to the sewers of some towns. Where it is known that an industrial waste interferes 
particularly with the treatment of sewage it is often pre-treated by the manu- 
facturer to remove the most obnoxious constituents before it enters the sewer. 
Obviously, however, there would be no possibility of pre-treatment if difficulties 
were caused by the widespread domestic use of a chemical product. 


INTRODUCTION OF SYNTHETIC DETERGENTS 


The manufacture of synthetic detergents, to be used in place of soap, dates 
back at least to 1914-1918, when the substances were produced on a commercial 
scale in Germany. During and after the Second World War there was, of course, 
a serious shortage of soap in Great Britain and a number of substitutes appeared 
on the market. For some years no particular difficulties which could be attributed 
to them appear to have been caused at sewage-disposal works, but in 1948 
a series of papers appeared describing work on the effect of synthetic detergents 
on sewage treatment at works at Bradford, Halifax, and Huddersfield. These 
towns are exceptional in that the sewage contains a large amount of grease 
derived from the scouring and washing of wool and special treatment processes 
are necessary. At Bradford, for example, grease is recovered after soaps have 
been cracked by acidification of the sewage; as synthetic materials replaced soap 
for scouring wool this procedure became more difficult. In almost all other towns, 
however, it is the detergents used in the home which are mainly responsible 
for the great increase in the concentration of these substances in sewage during 
recent years. 

Although little work has been done on this subject, it seems clear that in 
domestic sewage the presence of soap from household washing did not interfere 
in any significant way with the processes of treatment. In districts where hard 
water is used most of the soap would no doubt be precipitated and would be 
removed as a constituent of sludge from the first stage of sedimentation; most 


487 








JOURNAL OF THE ROYAL SOCIETY OF ARTS 10TH MAY 1957 


of the remainder must have been oxidized or otherwise removed in the biological 
stage which followed. 

The greater part of the synthetic detergents now sold for use in the home 
contain a surface-active agent of the ‘anionic’ type—that is to say one which 
dissociates in water to give a small, usually metallic, positively-charged ion 
(cation), and a large negatively-charged ion (anion) which is responsible for the 
detergent properties of the substance. Anionic surface-active materials are of 
various kinds. In the period immediately after the last War a large proportion 
of the material used consisted of alkyl sulphates, of which “Teepol’ was an 
example. The very rapid growth in the sale of household detergents, however, 
occurred when different types of anionic material were introduced; these are 
alkyl aryl sulphonates and are produced by sulphonation of an aromatic hydro- 
carbon (usually benzene) alkylated with a special petroleum fraction or with 
a similar synthetic hydrocarbon. To improve the detergent properties the 
surface-active material is mixed with a number of substances, including usually 
silicates, sulphates, and phosphates, sodium carboxymethyl cellulose, amides, 
and small quantities of other materials. Mixtures of this kind, of which a detailed 
account was given by Mr. F. Courtney Harwood in his paper published here, 
form a very large proportion of the powdered synthetic detergents now sold 
for household use. 

Substantially all the materials used in the home for washing are of course 
discharged to the domestic sewers. It was estimated in 1955, from a knowledge 
of the approximate volume of sewage discharged per person per day and from 
the total sales of synthetic detergents in the country, that during dry weather 
the concentration of surface-active material in sewage would be about 14 parts 
per million. Recent determinations of the concentration in purely domestic 
sewage gave an average dry-weather concentration of 13.8 parts per million, 
the maximum (no doubt on a popular washing day) being as high as 47 parts 
per million. These concentrations, although they appear to be small, are quite 
substantial when compared with those of many other constituents of sewage. 
For example, discharge of industrial wastes to sewers is often regulated so that 
the concentration of a particular constituent, known to interfere with sewage 


treatment, does not exceed one or two parts per million in the liquid reaching 
the works. 


FOAMING AT SEWAGE WORKS 


Probably the first indication that synthetic detergents of domestic origin 
might be of importance in affecting purification of sewage was the appearance 
of foam on the surface of the liquid in aeration tanks at plants using the activated- 
sludge process. Before about 1949 this trouble, though it had occurred 
occasionally at several plants, had not been regarded as at all serious. The course 
of events since that date has been generally similar at many activated-sludge 
plants, but has been particularly well documented at the Mogden Works of the 
Middlesex Main Drainage Department.’ In the early part of 1949, when packaged 
detergents were first being put on the market on a large scale in the London 
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é 
By Courtesy of Middlesex County Council 
Ficure 1. Foam on tle surface of an aeration tank 


area, foaming appeared on the aeration tanks to a depth of about six inches; 
during the next three or four years the foaming, though variable in its incidence, 
became generally more pronounced, and on some occasions reached a height of 
about ten feet (Figure 1). At 38 other activated-sludge plants at which enquiries 
were made, foam was reported as present at all but one, and the problem was 
regarded as serious at 23 of these plants. As would be expected, there has been 
much less difficulty from foaming at sewage works employing biological filtration. 

At activated-sludge plants, uncontrolled foaming is much more serious than 
a mere nuisance. The equipment of the aeration tanks has to be serviced and 
during bad foaming it is almost impossible to do this, both because the controls 
and equipment are hidden and because it is dangerous to walk along the gangways 
between the tanks. In windy weather the foam blows away. It entrains particles 
of activated sludge—which consist for the most part of bacteria—and as it may 
be blown for distances as great as several miles from a sewage works, can only 
be regarded as a danger to public health. 

Various methods have been tried for reducing foaming in aeration tanks. 
They include spraying effluent over the surface, spraying with kerosene, Diesel 
oil, and so on, and removal by mechanical means. The most successful method 
up to now, however, appears to be the addition to the liquor in aeration tanks 
of a liquid anti-foaming agent. At the Mogden works, previously mentioned, 
this method has been adopted and has been generally successful; it has been 
reported that the cost of the equipment was about {£5,000 and the annual cost 
of the de-foaming agent is about £15,000. 
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EFFECT OF DETERGENTS ON EFFICIENCY OF SEWAGE TREATMENT 


It seems clear now that foaming in sewage works can be controlled, though at 
considerable cost. A more serious allegation is that the presence of synthetic 
detergents in sewage reduces the efficiency of the purification process. On this 
point the evidence is at present somewhat contradictory. There is no suggestion 
that purification has ever been improved by the presence of detergent; some 
experiments have indicated a considerable reduction in efficiency, but in some 
no significant change has been observed. One major difficulty in obtaining 
experimental evidence is that it is now almost impossible to find a sewage which 
does not contain synthetic detergent and which could be used in control tests. 
In working on this problem the Water Pollution Research Laboratory, for 
experiments on a small scale, have used sewage from a section of the laboratory 
where detergents were not used, and on a larger scale have observed the per- 
formances of small sewage-treatment works at two institutions of the London 
County Council, who arranged that during a test period no synthetic detergents 
should be used and that during a second period they should be used wherever 
possible instead of soap. It is difficult, however, to make arrangements to adopt 
either of these methods except in special circumstances and consequently much 
of the evidence on the effect of detergents on sewage treatment rests on com- 
parisons between the present performance of a plant and its performance at 
some date before detergents were introduced. Since, during the intervening 
period, there may have been changes in population or in the nature and volume 
of industrial wastes entering the sewers, it is clearly necessary to examine the 
results from a considerable number of works before passing an opinion on this 
type of evidence. 

Of the workers who have determined experimentally the effect of detergents 
containing alkyl aryl sulphonate on the treatment of sewage in percolating filters, 
the majority have reported a significant adverse effect on purification. Several 
have found that the deterioration began only when the concentration of surface- 
active matter was about 15 to twenty parts per million or higher. In experiments 
at the Water Pollution Research Laboratory with small filters and using as 
a control sewage which contained no detergent, no significant deterioration was 
observed with a concentration of surface-active material equivalent to 26.5 parts 
per million. 

Almost all the evidence available goes to show that the adverse effect of 
detergents is greater when sewage is treated by the activated-sludge process. 
A large-scale experiment was made by the staff of the Mogden works of the 
Middlesex County Council; at this works particularly detailed records of per- 
formance have been kept since it came into operation in 1936, and the polluting 
load which could be treated to give an effluent of a given quality, before the 
introduction of detergents, was therefore known accurately. Recently part of the 
plant was isolated and was operated to produce an effluent of the former quality. 
It was found that the load which can now be treated is only about four-fifths 
of that which was being treated before 1950.° It is estimated that the capital 
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cost of the additional plant which would be needed to restore the standard of 
purification to the former level would be about £600,000. The works treats the 
sewage from about 1} million people. 

The nature of the effect of modern detergents on sewage purification is not 
at all clear. There is no doubt, however (and this will be referred to later), that the 
surface-active materials which they contain can in some circumstances greatly 
reduce the rate at which oxygen will dissolve from the air in de-aerated water. 
If this is found to be so under the conditions in which settled sewage is treated, 
it might well account for a reduction in the efficiency of the purification process. 
It is perhaps significant that the activated-sludge process appears to be more 
seriously affected than is biological filtration; it is believed that supply of oxygen 
is more often a limiting factor in the former process than in the latter. For 
example, there is often very little oxygen in solution in the aeration tanks of 
an activated-sludge plant, although air is continuously bubbled into the liquid; 
on the other hand, the concentration of oxygen in solution in settled sewage 
usually increases considerably as the liquid passes downwards through 
a percolating filter. 

EFFECTS IN RIVERS 


Of the alkyl aryl sulphonate present in raw sewage (the average concentration 
now being about 14 parts per million) a considerable proportion normally passes 
through all the stages of treatment at a sewage works and is discharged with the 
effluent. This occurs even under strictly controlled conditions in the laboratory ; 
for example, in recent experiments at the Water Pollution Research Laboratory 
about forty per cent of the surface-active material in sewage passed through 








Ficure 2. Foam below a weir on a channel 
down which sewage effluent flows to a river 
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a percolating filter, and about twenty per cent through a small activated-sludge 
plant. Under the conditions of operation at a sewage works the amount discharged 
with the effluent is commonly about half that initially present. The concentration 
in the effluent will depend on the volume of sewage (which may include a large 
proportion of industrial wastes) per person per day; a concentration of four to 
six p.p.m. is perhaps typical, though at some works it may be considerably 
higher and at others lower. It is therefore of interest to consider what the effect 
of the material is in a stream to which a sewage effluent is discharged. One effect 
is very obvious—since the introduction of modern synthetic detergents the 
occurrence of foam on rivers has become common, particularly in turbulent 
reaches, and at weirs(Figure 2). The presence in streams of surface-active material 
may however have other, less obvious, results. 
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Ficure 3. Rate of aeration of partially de-oxygenated water in a 
small channel. (a) Effect of adding 0°85 p.p.m. surface-active 
agent to clean water. (b) Effect of adding 1:0 p.p.m. surface-active 
agent to water containing 10 per cent detergent-free sewage effluent 
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One of the important properties of surface-active agents is that they reduce 
considerably the rate at which de-aerated water will absorb oxygen from the air. 
An example of this, from experiments at the Water Pollution Research 
Laboratory,‘ is shown in Figure 3. Water, from which most of the dissolved 
oxygen had been removed by treatment with sodium sulphite, was allowed to 
flow along an open channel about 120 yards long; the slope in the central part 
of the channel is greater than that at the two ends. During the 15 minutes taken 
to travel from one end to the other the concentration of dissolved oxygen in 
clean water increased from about ten per cent of the air-saturation value to 
rather more than fifty per cent. Under the same conditions water containing 
less than one part of alkyl aryl sulphonate per million absorbed considerably 
less oxygen, the terminal concentration being about 35 per cent. There are 
difficulties in assessing the extent to which surface-active materials from detergent 
mixtures affect the absorption of oxygen in rivers. Almost all the active material 
will be discharged to a river as a constituent of a sewage effluent, and it is known 
that the normal constituents of these effluents also reduce the rate of absorption 
of oxygen. Results of experiments in which water, containing effluent from the 
treatment of sewage which did not originally contain any detergent, was 
de-aerated and allowed to flow along the channel already described, are shown 
in Figure 3. It can be seen that wher surface-active material was added to this 
mixture in a concentration of one p.p.m., the depressing effect on aeration was 
less than when it was added to clean water, but that it still caused a marked 
reduction in rate of solution. A further complication is that the effect of the 
surface-active matter depends on the degree of turbulence or agitation of the 
water in which it is present. This is shown in Figure 4, in which are plotted the 
results of further ex- 
periments with water 
and mixtures of water 
and sewage effluent 
flowing through the 
channel at the W.P.R. 
Laboratory. The great- 
est depressing effect on 
aeration brought about 
by the surface-active 
matter occurred when 
the ‘exchange coeffi- 
cient’ for the water was 
Pitheeee about five to ten cm. 
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corresponds to about what would be observed in a river or stream in lowland 
country. With a much lower value of the coefficient (say in stagnant water) or 
with a much higher value (for example in a mountain stream) the depressing effect 
of the surface-active material is much less. 

The effect on absorption of oxygen is important because the concentration 
of dissolved oxygen in a polluted water is greatly influenced by it. If the con- 
centration of polluting matter in a stream is increased, the concentration of 
dissolved oxygen below the point of discharge usually falls; roughly the same 
fall would be obtained by doubling the concentration of polluting material as 
by halving the exchange coefficient. This has an important economic aspect. 
For example, the sewage treatment works of the London County Council are at 
present being extended (at an ultimate cost, it is estimated, of some £18 million) 
because the concentration of dissolved oxygen in the estuary of the ‘Thames 
has fallen to zero over a distance of many miles and this in turn has led to the 
development of a nuisance from the evolution of corrosive and foul-smelling 
hydrogen sulphide;* in its central reaches the Thames now contains about 
one p.p.m. of surface-active material, and the effect which this may have had 
in reducing the rate of absorption of oxygen from the air is clearly important. 
The changes which have occurred generally in the level of oxygenation of 
polluted waters as a result of the introduction of synthetic detergents are not at 
present known with certainty but are being studied in several countries; again, 
a major difficulty is that it is now impossible to find a stream polluted by a sewage 
effluent which does not also contain detergent. 


FISHERIES 


When it was found that constituents of detergents were present in many 
rivers, the question naturally arose as to whether they would have any toxic 
effect on fish. From the work which has now been done it is clear that alkyl 
aryl sulphonates are distinctly toxic, though in the concentrations in which 
they are present in rivers containing fish their effect is probably very small, if 
not negligible. It was found, for example, that when sewage effluent (produced 
in an experimental plant) was added to water in such a proportion that the 
mixture contained 9.4 parts per million surface-active material, and the toxicity 
of the mixture to trout was determined, about half the fish exposed died within 
28 days; in a parallel experiment with sewage effluent containing no surface- 
active material, none died. A concentration of nine parts per million, however, 
is considerably higher than would normally be present in a river. In these 
experiments the concentration of dissolved oxygen in the liquid in which the 
fish were exposed was maintained at a value near the air-saturation value. The 
effect of almost all directly toxic substances is greatly increased as the concentra- 
tion of oxygen in solution is reduced; it is for this reason that small concentrations 
of poisons may exert a significant toxic effect in a polluted river in which the 
concentration of oxygen is normally low. This is found to be so with synthetic 
detergents. In experiments in which the concentration of dissolved oxygen was 
maintained at about one-fifth of the saturation value, detergent equivalent to 


494 























IOTH MAY 1957 SYNTHETIC DETERGENTS—A NEW POLLUTION PROBLEM 


a concentration of about two parts of surface-active material per million did 
have a significantly toxic action. An interesting observation in this work was that 
the toxicity of alkyl aryl sulphonates was somewhat reduced when sewage, to 
which it had been added, was treated in a percolating filter; it is not at present 
known whether this is due to a change during treatment in the chemical com- 
position of the material; or whether the commercial product used is originally 
a mixture of substances having different toxicities, the more toxic of which are 
preferentially destroyed during treatment. Summing up the work on fish so far 
as it has gone, it would appear that under British conditions constituents of 
detergents are unlikely to have had any noticeable effect on fish. If they have 
any effect at all it is probably to extend slightly the length of a zone in which fish 
cannot live in a badly polluted river. 


WATER SUPPLIES 


Since about a quarter of the population of this country drink water derived 
from rivers to which sewage effluents have been discharged above the raw water 
intakes, it is obviously necessary to consider carefully whether the presence of 
constituents of detergents in the effluents will have any significant effect on the 
safety and palatability of the water supply. In America, where water supplies 
may sometimes have to be taken from sources which would not be considered 
satisfactory in Great Britain, surface-active agents have on a few occasions 
been found in quite high concentrations in domestic supplies. This is reported 
to have happened, for example, in 1953 in a town taking water from the upper 
reaches of the Ohio River; during the first rain after a long dry period the con- 
centration of surface-active material in the raw water is stated to have risen 
to 12 parts per million and to have given rise to much complaint by causing the 
development of a taste described as ‘fishy’. The British Committee on Synthetic 
Detergents,? previously referred to, collected information from water authorities 
which showed that in raw waters used in this country as sources of public supply 
the concentration of surface-active matter did not normally exceed about o-5 part 
per million, though some figures as high as one p.p.m. were reported; the highest 
value would, of course, be found during dry weather when there is least dilution 
of sewage effluents. It was shown that during summer weather storage of water 
in a reservoir followed by passage through slow sand filters (a method of treatment 
used for example for part of London’s water supply) might cause a reduction 
of about 75 per cent in the concentration of the material originally present, 
but that during the winter the reduction might not exceed thirty per cent. 
Other methods of treatment commonly used—for example, coagulation and rapid 
filtration through sand—did not give so great a reduction. 

The objection to the presence of detergent substances in a potable supply 
is not so much that the water may acquire an unpleasant taste (though if it does 
a water authority may expect a large volume of complaints) but that there might 
be a risk to public health. The Committee on Detergents, which took medical 
advice, concluded that no short-term risk was involved. in drinking water con- 
taining small concentrations of surface-active materials, but could not be sure 
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that the ingestion of small quantities over a long period might not be harmful. 
On a question of this sort it is always extremely difficult to obtain accurate 
information; it is impossible to carry out experiments with human subjects and 
even if this could be done a very long period of experiment would be necessary. 
It is natural, therefore, that those responsible for water supplies should follow 
a conservative policy, and should exclude, as far as possible, from public supplies 
any substances about the safety of which there is some doubt. The Committee, 
though it thought that there was no immediate cause for concern, recommended 
that water authorities should make regular determinations of the concentration 
of surface-active material in their supplies and should make this information 
available to the Health Departments. 


PROSPECTS FOR THE FUTURE 


It is clear that the introduction of detergents in the home is a matter of 
legitimate concern to public authorities. It has caused some quite serious nuisance, 
has necessitated considerable expenditure and may lead to much more, and has 
raised some doubts as to whether certain water supplies could be regarded as 
entirely safe if the concentration of surface-active substances in the rivers from 
which they are derived increased much beyond its present value. It is important, 
therefore, to consider whether there is any practicable means by which these 
disadvantages of an otherwise useful product could be avoided. Since almost 
the whole of the detergent used in the home is discharged to domestic sewers 
and, in inland districts, will therefore pass through a sewage-treatment plant, 
most of the difficulties would disappear if the material were oxidized, or other- 
wise removed during the processes of purification. It has been suggested that 
it might be possible to accomplish this by changing in some way the bacterial 
flora on which the treatment of sewage largely depends. The possibility of doing 
this, however, appears to be quite remote. It is true that when certain substances, 
not normally present in large amounts, are added to sewage, specific bacteria 
which bring about their decomposition often increase greatly in numbers so 
that ultimately quite large amounts of the substances are destroyed in passing 
through the works. This occurs, for example, when thiocyanate—a constituent 
of gas liquors—is added to sewage. Normally, however, the particular species 
or strains which will bring about the decomposition of the added substances 
are present from the first in the sewage, which contains, beside the obvious 
household wastes, drainage from many types of soil. Synthetic detergents of the 
modern type have now been present in sewage for some years; if it were possible 
so to change the bacteria in a sewage works that all the material originally present 
could be destroyed, this change would almost certainly have occurred 
spontaneously before now. 

A much more promising suggestion is that by changing somewhat the chemical 
composition of surface-active materials it might be possible to increase their 
vulnerability to bacterial attack, though as Mr. Courtney Harwood emphasized 
in his paper, there might well be some difficulty in doing this since 
comparatively small changes in composition may greatly affect the usefulness 
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of surface-active agents as detergents. A typical alkyl aryl sulphonate, as used 
in detergent mixtures, consists of a benzene nucleus to which is attached a side 
chain made up of atoms of carbon and hydrogen. Work both in Great Britain 
and America has suggested that compounds in which this chain is straight are 
more readily decomposed by bacterial action than are those in which the chain 
is branched. It may be that by following this clue—or indeed by developing 
commercially successful surface-active agents of quite different types—detergents 
could be produced which would be acceptable to the housewife, but would be 
destroyed as the sewage to which they are added undergoes purification; most 
of the present difficulties would then no doubt disappear. 
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DISCUSSION 


THE CHAIRMAN: I was very much interested in the passage of oxygen from the air 
into the water in the presence and absence of detergents. Do you think that is really 
a change in the transfer coefficient, or is it due to the alteration of the air-water 
interface, due to ripples or such-like being diminished ? 


THE LECTURER: No, I think it is a genuine effect on the exchange coefficient. The 
same thing happens with bubbles of air passing through water; this may be one way 
in which surface-active materials affect the activated-sludge process. 


DR. A. PARKER, C.B.E.: It may not be easy to obtain substances which will 
act as good detergents without some great change in surface tension, liability to 
formation of foam, and detrimental effects on certain types of bacteria. In one of the 
earlier tests for the presence of paratyphoid organisms, a certain shampoo which was 
a lauryl sulphate was used to repress B. coli that would otherwise have masked the 
parpatyphoid organisms and made their identification difficult. Could Dr. Southgate 
say whether there had been laboratory investigations of the effects of the detergents 
now being used on the growth of bacteria of different kinds, particularly of the 
types in sewage and sewage effluents? 


THE LECTURER: I cannot at the moment think of any, though I would not claim to 
know the literature particularly well. On your first point, of course, what is 
required is a detergent which would retain its properties, such as its effect on surface 
tension, until it reached the sewage works, but which would then be destroyed by 
biological action so that the residual difficulties would disappear. 


MR. L. DAWSON: In the diagram which the lecturer showed of the differentiation 
between the solution of oxygen and the same with one part per million detergent 
added, I wondered whether he had noticed any foam effect when the liquid was 
cascaded? If there was not any foam it would suggest that there is something in the 
sewage effluents that encouraged the large build-up of foam as shown on other 
slides. 
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that the ingestion of small quantities over a long period might not be harmful. 
On a question of this sort it is always extremely difficult to obtain accurate 
information; it is impossible to carry out experiments with human subjects and 
even if this could be done a very long period of experiment would be necessary. 
It is natural, therefore, that those responsible for water supplies should follow 
a conservative policy, and should exclude, as far as possible, from public supplies 
any substances about the safety of which there is some doubt. ‘The Committee, 
though it thought that there was no immediate cause for concern, recommended 
that water authorities should make regular determinations of the concentration 
of surface-active material in their supplies and should make this information 
available to the Health Departments. 


PROSPECTS FOR THE FUTURE 


It is clear that the introduction of detergents in the home is a matter of 
legitimate concern to public authorities. It has caused some quite serious nuisance, 
has necessitated considerable expenditure and may lead to much more, and has 
raised some doubts as to whether certain water supplies could be regarded as 
entirely safe if the concentration of surface-active substances in the rivers from 
which they are derived increased much beyond its present value. It is important, 
therefore, to consider whether there is any practicable means by which these 
disadvantages of an otherwise useful product could be avoided. Since almost 
the whole of the detergent used in the home is discharged to domestic sewers 
and, in inland districts, will therefore pass through a sewage-treatment plant, 
most of the difficulties would disappear if the material were oxidized, or other- 
wise removed during the processes of purification. It has been suggested that 
it might be possible to accomplish this by changing in some way the bacterial 
flora on which the treatment of sewage largely depends. The possibility of doing 
this, however, appears to be quite remote. It is true that when certain substances, 
not normally present in large amounts, are added to sewage, specific bacteria 
which bring about their decomposition often increase greatly in numbers so 
that ultimately quite large amounts of the substances are destroyed in passing 
through the works. This occurs, for example, when thiocyanate—a constituent 
of gas liquors—is added to sewage. Normally, however, the particular species 
or strains which will bring about the decomposition of the added substances 
are present from the first in the sewage, which contains, beside the obvious 
household wastes, drainage from many types of soil. Synthetic detergents of the 
modern type have now been present in sewage for some years; if it were possible 
so to change the bacteria in a sewage works that all the material originally present 
could be destroyed, this change would almost certainly have occurred 
spontaneously before now. 

A much more promising suggestion is that by changing somewhat the chemical 
composition of surface-active materials it might be possible to increase their 
vulnerability to bacterial attack, though as Mr. Courtney Harwood emphasized 
in his paper, there might well be some difficulty in doing this since 
comparatively small changes in composition may greatly affect the usefulness 
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of surface-active agents as detergents. A typical alkyl aryl sulphonate, as used 
in detergent mixtures, consists of a benzene nucleus to which is attached a side 
chain made up of atoms of carbon and hydrogen. Work both in Great Britain 
and America has suggested that compounds in which this chain is straight are 
more readily decomposed by bacterial action than are those in which the chain 
is branched. It may be that by following this clue—or indeed by developing 
commercially successful surface-active agents of quite different types—detergents 
could be produced which would be acceptable to the housewife, but would be 
destroyed as the sewage to which they are added undergoes purification; most 
of the present difficulties would then no doubt disappear. 
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DISCUSSION 


THE CHAIRMAN: I was very much interested in the passage of oxygen from the air 
into the water in the presence and absence of detergents. Do you think that is really 
a change in the transfer coefficient, or is it due to the alteration of the air-water 
interface, due to ripples or such-like being diminished? 


THE LECTURER: No, I think it is a genuine effect on the exchange coefficient. The 
same thing happens with bubbles of air passing through water; this may be one way 
in which surface-active materials affect the activated-sludge process. 


DR. A. PARKER, C.B.E.: It may not be easy to obtain substances which will 
act as good detergents without some great change in surface tension, liability to 
formation of foam, and detrimental effects on certain types of bacteria. In one of the 
earlier tests for the presence of paratyphoid organisms, a certain shampoo which was 
a lauryl sulphate was used to repress B. coli that would otherwise have masked the 
parpatyphoid organisms and made their identification difficult. Could Dr. Southgate 
say whether there had been laboratory investigations of the effects of the detergents 
now being used on the growth of bacteria of different kinds, particularly of the 
types in sewage and sewage effluents? 


THE LECTURER: I cannot at the moment think of any, though I would not claim to 
know the literature particularly well. On your first point, of course, what is 
required is a detergent which would retain its properties, such as its effect on surface 
tension, until it reached the sewage works, but which would then be destroyed by 
biological action so that the residual difficulties would disappear. 


MR. L. DAWSON: In the diagram which the lecturer showed of the differentiation 
between the solution of oxygen and the same with one part per million detergent 
added, I wondered whether he had noticed any foam effect when the liquid was 
cascaded? If there was not any foam it would suggest that there is something in the 
sewage effluents that encouraged the large build-up of foam as shown on other 
slides. 
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THE LECTURER: Yes, foam collects at the end of the steep section of the channel. 


MR. C. E. TIFFEN: Can Dr. Southgate tell us, if there is an extension of the artificial 
replenishment of natural aquifers, does he envisage any extension of this pollution, 
or does he think the slow filtration process through the earth will eliminate the 
problem? 


THE LECTURER: At the moment aquifers are not being recharged in this country 
to any great extent, though there is a good deal of interest in the possibilities of the 
process. Where a recharge scheme is carried out, a polluted river water would 
commonly be used, and this would be purified in passing through the top layers of 
soil. I imagine then that you would find that any material of this kind would be 
removed, because the filtration process is very efficient. 


MR. J. MERCER: I should like to ask Dr. Southgate whether there is any substantial 
evidence that the foaming effects of synthetic detergents are bound up in any way 
with the degree of nitrification? I think he mentioned that the effect of detergents 
might be worse on an activated sludge plant than on a biological filtration plant. 
But is that in any way associated with the degree of nitrification ? 


THE LECTURER: I think there are two points there. The degree of nitrification 
attained in a filtration plant is commonly greater than in an activated-sludge plant, 
yet foaming is more of a trouble in an activated-sludge plant than in a filter. This, 
however, is surely due to the fact that sewage distributed on top of a filter disappears 
in the bed where it cannot. foam. It has been found, however, at the Mogden Works 
(an activated-sludge plant) that in this system of treatment the greater the degree of 
nitrification, the less the trouble from foaming. 


MR. F. W. ROBERTS: I am concerned with a river which contains little water apart 
from sewage effluent. The main effluent is particularly well purified but still contains 
approximately three parts per million of anionic detergent. 

I have kept roach in captivity in the purified sewage effluent for more than 
12 months, without fatality, yet when fish are introduced into the river they appear 
to migrate down stream and are not seen again. 

Have the Water Pollution Research Laboratory carried out any experiments to 
observe whether fish, in sub-lethal concentrations of detergents, will prefer to live in 
water free of such material given the alternative? 


THE LECTURER: No, we have not, but from experiments of that kind that have been 
done it would surprise me very much if it had anything to do with it. For example, 
the effluent channel, about a mile long, on which I showed the foam, contained about 
four parts per million surface-active material. This effluent flows into a quite clean, 
more-or-less unpolluted river, but nevertheless hundreds of fish migrate from the 
river into the channel, where they sometimes die, and they do this in summer when 
conditions in the channel are at their worst. These fish at any rate go into a place 
containing detergent when they have no need to, so I do not think it would be likely 
to drive them out of a river. ; 


MR. F. W. EDWARDS: Dr. Southgate indicated the approximate cost of reducing 
foaming in certain operations. Could he please indicate the approximate quantity 
of the anti-foaming agent used, and also where introduction of the agent is made? 


THE LECTURER: Three parts per million and it is put in at different places down 
the aeration tanks. 


MR. W. F. LESTER: In the course of his paper, Dr. Southgate said that the synthetic 
detergent concentration of crude sewage was 14 parts per million. Modern detergents, 
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however, are not very easily oxidized biologically, and do not cause a significant 
rise in the B.O.D. of crude sewage. Could the lecturer say what increase in the 
B.O.D. of sewage he considers would be caused by the housewife using the equivalent 
amount of soap in lieu of the present usage of synthetic detergent? If this figure is 
at all substantial, is not this one of the reasons why the efficiency of sewage works 
appears to have dropped? 

It is well known that percolating filter effluents normally contain a relatively high 
dissolved oxygen content, of the order of five to seven parts per million. In view of Dr. 
Southgate’s statement that the uptake of oxygen is slowed down by synthetic deter- 
gents, does not this concentration of dissolved oxygen in the filter effluent suggest 
that synthetic detergents are not the limiting factor in the purification of sewage 
in a percolating filter? Similarly, provided there is excess dissolved oxygen in the 
channels of activated-sludge plants, it would appear that detergents should not 
cause a fall-off in the performance of these plants. 


THE LECTURER: Well, taking the last problem first, this is all, I want to make it 
clear, speculation, but it seems to me to hang together. It has always appeared that 
access of oxygen is much less a limiting factor in a filter than it is in the activated- 
sludge process. For example, in passing through a filter the concentration of oxygen 
in solution commonly rises and comes to your figure of five to seven parts per million 
in the effluent. The amount of oxygen in solution in many aeration tanks in activated- 
sludge plants, however, is practically nothing and it has always looked as though it 
was a much more difficult thing to aerate sewage in this process than in a filter. It 
may well be that this has something to do with the fact that nitrification goes on to 
a greater extent in a filter than it commonly does in an activated-sludge plant. I have 
not worked it out, but imagine that the B.O.D. of soap would be higher than the 
B.O.D. of the corresponding amount of detergent that had replaced it. I do not 
think, however, that the alleged change in the efficiency of sewage treatment since the 
introduction of detergents is due to this at all. It has been said, for example, that 
detergents in some cases reduce the extent of nitrification; this might be due to a 
direct effect on the bacteria which bring about oxidation of ammonia, or it might 
be an indirect effect, brought about by a change in the rate of access of oxygen. 


MR. W. J. THOMAS: Can Dr. Southgate say whether any industrialist using river 
water containing synthetic detergent, particularly for cooling purposes, in the iron 
and steel plate industries, has yet come forward with a case of complaint? I know of 
a case where an industrialist is being offered water from an industrial stream for 
cooling- and wash-water purposes and he has more-or-less suggested that this water 
may not be acceptable by virtue of its containing detergent. I wonder if Dr. Southgate 
is aware of any objection raised to date, or whether he is aware of any harmful effects 
where water for washing or cooling purposes is used in these industries? 


THE LECTURER: No, I am not aware of that, but I had in my office the other day 
a man who was objecting to the quality of sewage effluent discharged to the river 
from which he obtained water for a paper mill; the mill now has difficulties from 
foaming. Large amounts of foam may be caused in cooling systems, particularly 
where sewage effluent is used for cooling, as at some electricity generating stations. 


MR. B. OSBORNE MORRIS: I have heard it said that some of the foaming in 
the detergent is largely due to an additive to assist the sales of detergents. I have 
never been able to find out whether that is true or not. I wonder if Dr. Southgate 
would say this is so? 


THE LECTURER: I am not an expert on this and I have never really been able to 
find out what the exact position is, though I think the properties, at any rate the 
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lasting properties, of the foam are modified by some of the additives used. There are 
detergents which do not foam, which are advertised as being good for that reason. 


MR. MORRIS: The point is, of course, that so much trouble is caused by this excessive 
foam at the sewage works. If that is caused through an additive, could not some 
legislation be passed to prohibit the introduction of something which does not materially 
improve the efficiency of the product? 


THE LECTURER: I do not know what the position is, but it is commonly said that 
housewives will not buy material that does not foam, except, I believe, for washing 
machines where they do not want it to. 


THE CHAIRMAN: Perhaps Mr. Courtney Harwood could emphasize that point? 


MR. COURTNEY HARWOOD: It is true that most of these synthetic detergents in 
packets to-day do contain an additive, usually lauryl alkanolamine, which is introduced 
for the specific purpose of increasing the foam. If there was no foaming additive 
placed in the packet, then I think the problem from the foam per se would be very 
much reduced; the problem of the disposal at sewage works of alkyl aryl sulphonates 
would remain. 


MR. A. T. GARDINER: The foam stabilizers are designed to make the bubbles stable 
under washing conditions, that is, with hot water. We have also worked at low 
temperatures (for example, sewage treatment conditions) and found the stabilizers 
then act as a load and decrease foam. Less foam was obtained than if the additive 
was not present. They may, moreover, help for yet another reason. Because they 
make the foam more stable for the housewife they may encourage her to use rather 
less synthetic detergent than she might otherwise do. 


MR. R. C. TARRING: The foaming additives which are employed in the powders are 
almost invariably straight chain hydrocarbons which in general show themselves very 
amenable to biological degradation at the sewage works. I think it is almost certain 
that the foaming agents which are used in the powders are very quickly and easily 
oxidized in the sewage process and are very unlikely indeed to have any lasting effect. 
The main trouble with foaming, in the activated-sludge process, tends to become 
more pronounced as the purification proceeds and I think that in the early stages the 
foaming agent is almost certainly destroyed. 

It is, of course, very easy to refer to synthetic detergents in a very broad sense. 
There are a number of different compounds available and sold to the public and 
industry, and the contents and their behaviour in sewage works of all the different 
types are by no means the same. The alkyl sulphates have been given a fairly clean 
bill of health as a result of a considerable amount of work, but the alkyl aryl sul- 
phonates as generally marketed in the domestic powders are the ones which I think 
are most suspect. I am interested in the supply of detergents so I may be a little 
biased ; but I think they are used as scapegoats to a certain extent and that any trouble 
which occurs is generally blamed on them; but I will not say they are completely 
without blame. But the non-ionic type of detergent is one whose properties are still 
more shrouded in mystery because there is not yet any known method of ascertaining 
the concentration of those in the sewage works at the very low concentration which 
they appear there, and the still lower concentration in which they are likely to appear 
in rivers and in waterworks. So that there is a considerable amount of confusion 
there, and to refer to synthetic detergents as a whole may be definitely misleading. 
I would suggest one comment to Dr. Southgate which might be related to the fact 
that they are used as a general scapegoat: in the case which he quoted in which a water 
supply in America contained 12 parts per million of synthetic detergent and had 
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a fishy taste, I do not think that people ever suggested that the fishy taste was necess- 
arily the responsibility of the synthetic detergent. The water had a fishy taste and it 
contained twelve parts per million synthetic detergent, but it did not follow that the 
fishy taste was the taste of the detergent. It was just that the two were associated in 
people’s minds and they were blaming the detergent, perhaps unnecessarily. In any 
case in that particular instance the water was drawn from a source which would not 
be permitted in England. So I would plead for synthetic detergents. The Jephcott 
Committee did, I think, help to clarify the position very considerably and I hope that 
detergents will not be blamed for everything. I am told that sixty per cent of the 
sewage works in this country are at present operating at twenty per cent over capacity, 
so they are not being given a fair chance. 


THE CHAIRMAN: We have certainly all listened to a most interesting paper on this 
problem of synthetic detergents. Judging from some of the remarks that have been 
made in the discussion, we always believed that there was no smoke without fire, 
and one wonders whether there is any foam without synthetic detergent! It is very 
clear that Dr. Southgate has given a very remarkable broad survey of the various 
disciplines in our science. For example, the interest which the President of the Royal 
Society, Sir Cyril Hinshelwood, has in bacteria is clearly an opportunity for us to 
grow micro-organisms capable of consuming hydrocarbon chains. If we are interested 
in the stability of foams, there is Gibbs. We might ask ourselves whether these 
relatively short chain sulphonic esters can indeed make foams at all and if those 
foams are made, how stable they are. One’s general experience of foams is that for 
stability they require what is called a condensed viscous surface phase, certainly 
none of the single components that have been mentioned as constituents of detergents 
can produce that type of foam. So one would suspect that, in our technical foams and 
our sewage works, if one analyzed those foams with some care one might find all 
sorts of interesting things in them. 

Lastly, for those who are interested in physical chemistry, especially in those 
aspects of physical chemistry which are related to chemical engineering, this question 
of the oxygen transfer from one phase to another is really a most curious thing. 
A lot of work is going on in different parts of the world like Harwell and so on in 
the transfer from one phase to another of some component and most remarkable 
properties are found in the interfacial films. In some cases the transfer is assisted, in 
other cases retarded. Here we are given cases in which oxygen apparently cannot 
get into water if it has got on its surface a very small quantity in the form of a highly 
expanded mono-molecular layer of alkyl aryl sulphonate. How does it stop the 
oxygen getting in? What is the mechanism? I do not think any of us has really got 
the slightest clue to that problem. So we have to thank Dr. Southgate for raising a 
great number of problems on a general public utility which is becoming increasingly 
important and for which solutions have got to be found. I am certain it must have 
stimulated a great number of people to take up the various aspects of his address, 
and we thank him very much. 


A vote of thanks to the Lecturer was carried with acclamation. 


MR. A. C. HARTLEY, C.B.E. (A Member of Council of the Society): I am sure you 
would not wish to leave the hall without expressing your thanks to Sir Eric Rideal 
for taking the chair this afternoon. He mentioned his father at the beginning, and I 
have been informed that Dr. Samuel Rideal was, in fact, awarded a silver medal sixty 
years ago for his paper on “The Purification of Sewage by Bacteria’, and that a year 
later he gave a course of Cantor Lectures on ‘Bacterial Purification of Sewage’, and 
four years after that another course of Cantor Lectures on “The Purification and 
Sterilization of Water’. You, Sir, have shown your continuing interest in this and we 
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are all very much indebted to you for giving up your time to take the chair at this 
lecture. I would ask for a vote of thanks for the chairman. 


The vote of thanks to the Chairman was carried with acclamation and the meeting 
then ended. 


The following is a summary of a communication which has been received from 
Mr. W. E. Kelly since the meeting: 


Since foaming has occurred at sewage works more labour is required around 
sewage works tanks, owing to extra grease and slime along the line of the water level. 
It also takes longer than formerly to press sewage sludge. Few will deny that this 
is true and that detergents are responsible for extra loads on sewage plant. 

There exists now a danger to public health; under Section 27 of the Public Health 
Act of 1936 the disposal into a sewer of any liquid liable to interfere with the efficient 
treatment and disposal at the sewage works is prohibited. I consider the time has 
come when enough risks have been taken. There is a happy medium to be found in 
most problems. Non-foaming detergents should still meet the necessary needs of all 
concerned without undue hardship on the housewife. 


GENERAL NOTES 


ARTS COUNCIL EXHIBITIONS 


Perhaps most people, even the more thoughtful people, tend to take the activities 
of the Arts Council very much for granted. Its annual reports are not widely studied, 
nor are the contents generally considered very newsworthy. But those of us acquainted, 
over the years, with the art exhibitions which the Council arranges at its headquarters, 
or circulates continually on tour, have learned to appreciate their remarkably high 
standard and diversity, as well as the value of the catalogues, often introduced by an 
expert, and always carrying, by tradition, a foreword signed ‘P. J.’ 

If ‘P. J..—Mr. Philip James, the circumspect, extremely business-like Director 
of Art—is as little known to the general public as any Civil Servant of whatever rank, 
Mr. James’ henchmen are virtually anonymous. In fact, they include several talented 
young women, invested with responsibilities seldom shouldered outside the staffs 
of enterprising little publishing houses or literary journals. Just lately they have been 
working overtime on four of the most dazzling collections ever assembled by the 
Arts Council in London at the same time. Honoris causa, it may be mentioned that 
it is Miss Drew who has carefully catalogued one of them—the joyous exhibition 
of Picasso’s ceramic pieces now brought to the Council's gallery at 4 St. James’s Square. 

_All these gaily inventive vessels have been created or inspired by Picasso in recent 
years, and all have been created at the now celebrated Poterie Madoura in Vallauris. 
Several pieces, such as his ornamented Pigeons, have been modelled by himself, 
but more often his understanding collaborators, Madame and Monsieur Ramié, 
have fashioned the shapes to suit his purpose. These pieces Picasso has decorated 
with painted or incised designs, or passages of additional relief, and glazed himself. 
In addition to these unique objects, there are limited editions of works produced 
from moulds which he has carved, frequently as enchanting as one of the plates 
in white biscuit bearing in relief the classical profile of Jacqueline Roque. 

The fantasy of the shapes and stylized decoration of the vessels will probably not 
surprise those visitors who are acquainted, perhaps, only with Picasso’s spontaneous 
lithographs or those witty artfices which he has contrived in the past out of house- 
hold implements. In these jeux d’esprit, mischief combines with beauty so that 
beauty itself seems but the caprice of genius. Did any veteran, one may wonder, 
ever carry his years so lightly? 
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Upstairs, at 4 St. James’s Square, the prince of France’s draughtsmen gazes at us 
unsmilingly over the gulf of a century. ‘Ingres’ observes the Director of the Musée 
Ingres, Montauban, from which this collection is drawn, ‘Ingres was not an imagina- 
tive man, and his strength lay in a capacity for hard work, determination and patience’. 
A most memorable result, as these seventy drawings remind us, was that perfection 
of the contour which can express the fullness of the form with the least assistance of 
tone. In this collection the emphasis is on the studies for paintings, chiefly of the 
nude, rather than on drawings as an end in themselves. We mark the variety of Ingres’ 
line: caressing in a standing female nude, virile in a chalk study for The Father of 
Saint Symphorien, immaculately precise in such crisp portrait drawings as that of 
Madeleine Chapelle. And in study after study, we are.made aware of his unremitting 
research in the attainment of his ideal beauty, refining the contour, simplifying the 
modelling, elongating the proportions of the human body. 





Artillerymen (c. 1895), by Henri Rousseau (Le Douanier) 


The other two current exhibitions arranged by the Arts Council may be considered 
complementary. The selection of paintings from the Musée d’Art Moderne, Paris, 
gathered at the R.B.A. Galleries in Suffolk Street, covers in fact the same period as 
those paintings from the Solomon R. Guggenheim Museum, New York, now deployed 
in three rooms of the Tate Gallery. But the Parisian selection is as short of obvious 
masterpieces as the American shipment, though half the size, is crammed with them. 
No one would wish to look a French gift horse in the mouth, but a glance round the 
R.B.A. Galleries shows how many of the Musée’s more important possessions have 
stayed at home. On the other hand, the Guggenheim Museum has recognized the 
value of sending the cream of its modern paintings to the Tate (where it will remain 
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on view until 21st May), before its journey in the summer to the Municipal Museum 
of the Hague, and to Stockholm’s new Museum of Modern Art in the autumn. 

The selection from the Musée d’Art Moderne amply repays a visit, nevertheless, 
since it has been admirably arranged by the Arts Council to illustrate the successive 
phases of the School of Paris from the end of last century to the present day. The 
shimmering confetti of Neo-Impressionism, and the symbolism of the Nabis, pre- 
sently give way to the liberated fervour and brilliant palette of the Fauves. Thereafter, 
in the main gallery, the modern masters fan out in more profusion. Picasso and 
Braque are reasonably well represented here ; but there is nothing of great importance 
from either Bonnard or Modigliani, and the Utrillos are uneven in quality. In the 
furthest room, several of France’s more familiar surrealist and social realist artists 
join in uneasy alliance against the surrounding non-figurative painters. These bring 
to a close a collection which, though it could well have been stronger, will be of 
greatest service to the enquiring layman. 

The Guggenheim selection at the Tate also begins with Seurat, and ends with 
contemporary abstraction that includes the ‘action’ painting of Pollock and Riopelle. 
The show is beautifully hung and, since the emphasis is invariably on high quality, 
it is no fault of the hangers that several works as memorable as Cézanne’s haunting 
portrait of The Clock Maker, or the Douanier Rousseau’s naive masterpiece, his 
Artillerymen (reproduced on page 503), should have been allowed much less than the 
Prominence due to them. 

, At the outset, the eye is taken by Braques and Picassos from their heroic Cubist 
years, and by the jewel of the collection, Bonnard’s radiant arabesque called Dining 
‘Room on the Garden. In the next room, disquiet and inventiveness join hands in the 
‘never-never land of Marc Chagall’s fancy, in the fevered vision (Das arme Land 
‘Tyrol) of Franz Marc, and in Herr Kokoschka’s dark Knight Errant, whose uncouth 
gesture suggests a source of Mr. Bratby’s inspiration. So one comes to the last room 
of non-objective painting, a far more heartening one than that gallery lately hung 
with ‘action’ paintings from the New York Museum of Modern Art. Sparingly hung, 
every picture ‘tells’. From the dexterous calligraphy and scrubbed colour of a Hans 
Hartung, the eye passes slowly to an aqueous painting by Carl Morris, and so round 
a handful of finely picked contemporaries who contrive to hold their own against 
their adventurous predegessors. 

NEVILE WALLIS 


WHITECHAPEL ART GALLERY 


An extremely interesting exhibition of paintings and drawings by Bernardo Bellotto 
(1720-1780), Canaletto’s nephew is at present on view at the Whitechapel Art 
Gallery, where it will remain until 30th May. The collection is on loan from 
the National Museum of Warsaw, and the majority of the works depict that city 
and its inhabitants. 

The exhibition is open on Tuesdays and Saturdays from 11 a.m. to 6 p.m. and 
from 2 p.m. to 6 p.m. on Sundays. Admission is free. 


OBITUARY 


SIR JAMES DONALD 


We record with regret the death, at Hurlingham on 26th April, of Sir James Donald. 
James Donald, C.S.1., C.1.E., LL.D., was born in 1873, and educated at Aberdeen 
University, and at St. John’s College, Cambridge. In 1895 he joined the Indian 
Civil Service and his first posting was to Bengal, from where he was transferred to 
Assam. He returned, in 1904, to Bengal, while from 1905 to 1912 he served in Eastern 
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Bengal and Assam. Upon the re-uniting in 1912 of the two Bengals as one province 
he was made Excise Commissioner, and in 1915 he was selected to represent his 
government on the Viceroy’s Legislative Council. As Secretary of the Finance and 
Commerce Departments he demonstrated his flair for financial administration, 
an aptitude further tested by his chairmanship from 1919 to 1921 of the Calcutta 
Municipal Corporation. He was then successively Chief Secretary to the Government 
and Finance Member of the Governors Executive Council. In 1918 he was made 
a C.I.E., and in 1924 a C.S.I.; in 1927, the year of his retirement he was knighted. 
Sir James was elected a Fellow of the Society in 1933. 


DR. G. E. FOXWELL 


We also record with regret the death, in Surrey on 26th April, of Dr. G. E. Foxwell. 

Geoffrey Edwin Foxwell, C.B.E., D.Sc., F.Inst.P., was born in 1892, and educated 
at London University. A scientist concentrating on fuel, his doctorate thesis on the 
Plastic State of Coal became a classic of fuel technology. Since 1933 he was closely 
connected with Clayton, Son & Co., Ltd., of Leeds, and during the last War served 
on the fuel efficiency committee and education committee of the Ministry of Fuel and 
Power. He was also a member of Sir Hugh Beaver’s committee on air pollution 
and was editor, and in the main author of The Efficient Use of Fuel. In 1951 he was 
appointed C.B.E., and from October of that year was for two years president of the 
Institute of Fuel. 

Dr. Foxwell was elected a Fellow of the Society in 1937, and took part on a number 
of occasions in discussions at its meetings. 


CORRESPONDENCE 


CARAVANS 


Fi REG. SHERRIN, THE BERKELEY MOBILE STUDIO, EXONIA PARK, DUNSFORD HILL, 
rom EXETER. 


I have read with very great interest the report of “The Caravan and its Impact on 
Society’, in our R.S.A. Journal. 

Five years ago I bought a £1,200 luxury caravan. I have lived in it ever 
since and would never live in a house again; I am one of the few artists to possess my 
own mobile studio, which I take about round Devon and Cornwall. 


SHORT NOTES ON BOOKS 


MEMOIRES OF ANNIGONI. By Charles Richard Cammell. Allan Wingate, 1956. 16s 

Signor Annigoni has collaborated with the author to produce this volume of 
memoires. They set out to show his artistic development as a traditionalist in art, 
and at the same time fill in the biographical picture. The book is illustrated with 
a selection of his paintings, and with drawings from his sketch books. 


PORTRAYING CHILDREN. By Dorothy Colles. Studio, 1956. 25s 

The student, the parent and the amateur painter are all catered for in Portraying 
Children, Number 66 in the Studio ‘How To Do It’ series. The special problems of 
child sitters, advice to parents who may be considering commissioning a portrait, 
and help for the amateur artist on drawing are among the questions dealt with. 
Many sketches and portraits illustrate the book. 


PATTERN AND TEXTURE. By ¥. A. Dunkin Wedd. Studio, 1956. 25s 

Sources of design are here illustrated and discussed for the benefit of all those 
interested in the subject. The constant demand for new designs which combine 
naturally with contemporary materials creates a need for an exploration of the many 
possible sources of such designs. This book investigates the range, with many photo- 
graphs and drawings illustrating the theme. 
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FROM THE JOURNAL OF 18357 
VOLUME Vv. 15th May, 1857 
BLACK-BONED FOWLS 


From a letter from R. Temple, Esq. 


I, sometime ago, had the honour of describing to you a particular kind of bird 
which existed in Honduras, which description you communicated to some eminent 
ornithologists—who they are I do not know—and they entirely disbelieved it. They 
say they never saw such a thing, never heard of such a thing, ergo—such a thing 
cannot be. If we were all to proceed upon this principle I fear that our knowledge 
would be very circumscribed. However, as the statement which they so 
unceremoniously contradict is perfectly true, I now forward it to be printed in your 
Journal, and let the sceptics deal with it as they think proper. 

There is in Honduras a fowl of the gallinaceous kind, a native of Peten and Yucatan, 
every bone of which is quite black. The legs, the pinions, the breast, the backbone, 
are all as black as ink. They are distinguished by their black combs and gills. Their 
feathers are generally black, and also their feet; they are neither larger nor smaller 
than other fowls ; the flesh is perfectly white, and remarkably juicy and well flavoured. 
When I first saw one of these animals in the shape of a very savoury stew, I was not 
a little alarmed at the sight of the black bones, and I rashly accused the cook of 
having served up a diseased hen. Miss Mary Gordon, the artiste, one of those 
everlasting brown women, with nerves of wire, and skins of India rubber, repelled 


‘the charge with indignation, and explained to me the real state of the case. ‘Dat hen 


no sick, sar. Dat hen berry good, sar. Him de black-bone fole,—him more betterer 
dan de oders. Sick hen, hi! you nebber eat anything like him in England, sar. Sick 
hen, hi! dat hen make you fat, sar’. 


Some Activities of Other Societies and Organizations 


MEETINGS International Affairs, rg eg of, at 10 St. 
— Square, S.W.1. 5.0 p.m. René Massigli : 
mon. 13 may. Geographical Society, Royal, at Kensington ew conceptions of French policy in tropical Africa. 
Gore, S.W.7. 5.30 p.m. D and B. J. Moser : ex University of, Senate House, Russell Square, 
ge expedition to North Borneo W.C.1. 5.30 p.m. Professor J. Isaacs : Swinger of 
ruxs. 14 may. Apothecaries of London, Worshipful Birches. 


Society of, Black Friars Lane, Queen Victoria Street, 
E.C.4. 5.30 p.m. A. Henry Dale : Medicinal 
: its aims results. 
OS a0 meen =“ of, — pay ent Square, to Seem Asie. 
1 aughan : Some new chemical : 
ob por tarntge of polyester resin technology. OTHER ACTIVITIES 
Mrs te Affairs, Royal Institute of, at 10 St. NOW UNTIL WED. 15 may. Exhibition of paintings from 
jee poo 1.30 p.m. Vernon Bartlett : the Musée d’Art Moderne, Paris, at the R.B.A. 
Galleries, Suffolk Street, S.W.1 


NOW UNTIL SAT. 18 MAY. Exhibition of specially com- 
missioned work, at =~ cared Centre, 16-17 Hay 


MON. = may. Geographical Society, Royal, at a 
Gore, S.W.7. 8.30 p.m. B. H. Farmer : 
settlement 


wep. 15 may. Folk- ag diet at Bie 4 oe 
, Gower Street, W.C.1. 7.30 p.m. R. E. 
voor AN verlag wlregeia awsome a 


Microscopical Societ » Royal, a by agen House 
South, Tavistock w.c .m. Dr. ys 
Hanson and Dr. H. Huxley : 4 on 

muscular contraction 

Numismatic Society, Royal, at the Society of 


Antiquaries, ington House, W.1. 5.30 p.m. 
R. H. Dolby: The production of dies in the late Saxon 


Tuurs. 16 may. Chadwick Public Lectures. Health, Royal 
Society of, at 90 ag Palace Road, $.W.1. 
5.30 E. H. Addison: The conservation of water 


SAT. may. Kinemat er 3 British, at the 
Shaftesbury Hotel, Ln gy th Street, W.C.2. 

2.50 p.m. Annual Convention. 
von may. Architects, " Royal seat of British, 


Portland Place, W.1. 6.0 mmersoi 
The case of a theory of modern ido canoe Wy 
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Hill, Berkeley Square, W. 

Exhibition of 100 recent saatis of ame, at the Arts 
Council, 4 St. James’s Square, S.W.1. 

Exhibition of drawings A Ingres, at the Arts Council, 
4 St. James’s Square, S.W.1. 

me Pe. — eee foie, Kensington > 

.W.7. tographic exhibition: Prospect oj 

Venezuela. 


Now UNTIL sun. 26 may. Exhibition of paintings from the 
Solomon R. G im Museum, New York, at 
the Tate Gallery, Mi , S.W.1. 


Now UNTIL FRI. 31 may. Royal Society of Health, 
90 Buckingham Palace Road, S.W.1. Exhibition : 
1 


NOW UNTIL SAT. Horniman Museum, London 
oe Forest ai YSE.23. Exhibition of Rumanian 
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LIBRARY ADDITIONS 
FINE ARTS (GENERAL) 

BETHERS, RAY. Composition in pictures. New York, Pitman Publishing Corpn., 1949 
Presented by Mr. F. A. Mercer. 

BRADSHAW, PERCY VENNER, and HILDER, ROWLAND—Sketching and painting indoors. 

. London, Studio Publications, 1956. 

CAMMELL, CHARLES RICHARD—Memoirs of Annigoni. London, Wingate, 1956. 

CHESNEAU, ERNEST—The English school of painting, translated by Lucy N. 
Etherington, with a preface by Professor Ruskin. London, Cassell and Co., 1891. 
Gift of Mrs. W. Nicholls. 

CLARK, SIR KENNETH (MACKENZIE)—The nude: A study of ideal art. London, 
JF. Murray, 1956. 

COLLIER, JOHN—A primer of art. London, Macmillan & Co., 1882. Gift of Mrs. W. 
Nicholls. 

COWELL, CyRIL—Your book of animal drawing; written and illustrated by Cyril 
Cowell. London, Faber, 1955. Presented by Mr. F. A. Mercer. 

DAWE, CEDRIC—Conté. London, Studio publications, 1956. 

DEHN, ADOLF—Water colour, gouache and casein painting. New York, Studio 
publications, 1955. Presented by Mr. F. A. Mercer. 

DUPPA, R., and DE QUINCY, QUATREMERE—Lives of the Italian painters; 
Michelangelo by R. Duppa; Raffaello by Quatremere de Quincy. London, 
David Bogue, 1846. Gift of Mrs. Winifred Nicholls. 

FENYO, IVAN—Albrecht Diirer. Budapest, Corvina (1956). Presented by Mr. F. A. 
Mercer. 

GAUNT, WILLIAM—Victorian Olympus. London, Cape, 1952. Presented by Mr. F. A. 
Mercer. 

GODFREY, FREDERICK M.—Child portraiture from Bellini to Cézanne. London, 
New York, Studio, 1956. 

GODFREY, FREDERICK M.—A student’s guide to early Italian painting, 1250-1500. 
London, Tiranti, 1956. 

HEAD, SIR EDMUND, Bart., Editor—Handbook of painting: The German, Flemish, 
Dutch, Spanish, and French schools; partly translated from the German of 
Kugler by a lady. London, John Murray, 1854. Gift of Mrs. W. Nicholls. 

HEATON, MRS. CHARLES—A concise history of painting. New edition, revised by 
Cosmo Monkhouse. London, George Bell and Sons, 1888. Gift of Mrs. W. 
Nicholls. 

LYNCH, BOHUN—A history of caricature. London, Faber and Gwyer, 1926. 
MCLEISH, JOHN ALEXANDER BUCHANAN—September gale: a study of Arthur Lismer 
of the group of seven. London, Dent, 1956. Presented by Mr. F. A. Mercer. 
MAHLER, ARTHUR—Paintings of the Louvre, Italian and Spanish; by Dr. Arthur 
Mahler in collaboration with Carlos Blacker and W. A. Slater. London, 

Hutchinson and Co., 1905. Gift of Mrs. Winifred Nicholls. 

MOCK, RUTH—Principles of art teaching: A handbook in primary and secondary 
schools with a foreword by A. B. Clegg. London, University of London, 1955. 
PAINE, ROBERT TREAT, and SOPER, ALEXANDER (COBURN)—The art and architecture 

of Japan. London, Penguin Books, 1955. (Pelican history of art series—No. 28.) 

PEVSNER, NIKOLAUS (BERNHARD LEON)—The Englishness of English art: an expanded 
and annotated version of the Reith lectures broadcast in October and November, 
1955. London, Architectural P., 1956. 

PROCTOR, IDA—Masters of British painting: an introduction to their lives and 
works. London, Dobson, 1955. Presented by Mr. F. A. Mercer. 

*REYNOLDS, SIR JOSHUA—Discourses on painting and the fine arts delivered at the 
Royal Academy. London, Fones & _ Co., 1826. Bequest of Miss V.M. M. Vicat Cole. 


* Books marked with an asterisk are part ‘of the reference library and are not normally 
available for loan. 507 
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ROTHENSTEIN, SIR JOHN (KNEWSTUB MAURICE)—Modern English painters: Lewis 
to Moore. London, Eyre and Spottiswoode, 1956. 

SCHERER, MARGARET ROSEMAN—Marvels of ancient Rome; edited with a foreword 
by Charles Rufus More. New York, London, published by the Phaidon Press 

for the Metropolitan Museum of Art, 1955. Presented by Mr. F. A. Mercer. 

SCHLEGEL, FREDERIC VON—The esthetic and miscellaneous works of Frederick 
Von Schlegel. London, Henry G. Bohn, 1849. Gift of Mrs. W. Nicholls. 

SICKMAN, LAURENCE, and SOPER, ALEXANDER (COBURN)—The art and architecture 
of China. London, Penguin Books, 1956. (Pelican history of art series—No. 210.) 

STONE, LAWRENCE—Sculpture in Britain: the Middle Ages. Harmondsworth, 
Penguin Books, 1955. (Pelican history of art series—No. 29.) 

UPCOTT, L. E.—An introduction to Greek sculpture. Oxford, Clarendon P., 1887. 
Gift of Mrs. Winifred Nicholls. 

WILMOT-BUXTON, H. J.—English painters. London, Sampson Low, Marston, Searle 
and Rivington, 1883. (With a chapter on American painters by S. R. Koehler.) 
Gift of Mrs. Winifred Nicholls. 

WORNUM, RALPH N.—Editor. Lectures on painting by the Royal Academicians; 
Barry, Opie and Fuseli. London, Henry G. Bohn, 1848. Gift of Mrs. W. Nicholls. 

COSTU ME 

LAVER, JAMES—Costume; illustrated by John Mansbridge. London, Batsford, 1956. 
Presented by Mr. F. A. Mercer. 

MANCHESTER—City Art Galleries. Women’s costume, 1900-1930. Manchester, 
City Art Galleries, 1956. 

PHOTOGRAPHY 

GERNSHEIM, HELMUT—Masterpieces of Victorian photography; with a foreword 
by C. H. Gibbs-Smith. London, Phaidon P., 1951. Presented by Mr. F. A. 
Mercer. 

BIOGRAPHY 

BOSWELL, JAMES—Boswell in Holland, 1763-1764, including his correspondence 
with Belle de Zuylen (Zélide) ; edited by Frederick A. Pottle. London, Heinemann 
(1952). 

LITTLE, BRIAN (DESMOND GREENWAY)—The life and work of James Gibbs, 
1682-1754. London, Batsford, 1955. 

MILLS, GODFREY HOPE SAXON—There is atide . . . the life and work of Sir William 
Crawford, embodying an historical study of modern British advertising. London, 
Heinemann, 1954. Presented by Mr. F. A. Mercer. 

PEARSON, HESKETH—The man Whistler. London, Methuen, 1932. Presented by 
Mr. F. A. Mercer. 

SILVA-VIGIER, ANIL DE—The life of the Buddha; retold from ancient sources. 
London, Phaidon P., 1955. Presented by Mr. F. A. Mercer. 

HISTORY AND TOPOGRAPHY 

BRUCE-MITFORD, RUPERT LEO scoTt—Editor. Recent archeological excavations 
in Britain: selected excavations 1939-1955, with a chapter on recent air- 
reconnaissance. London, Routledge & K. Paul, 1956. 

PANOFSKY, DORA, and PANOFSKY, ERWIN—Pandora’s box: the changing aspects of 
a mythical symbol. London, Routledge and K. Paul, 1956. Presented by Mr. F. A. 
Mercer. 

SINGER, CHARLES (JOSEPH), and others—Editor. A history of technology. Oxford, 
Clarendon P., Vol. 2. The Mediterranean civilizations and the middle ages; 
C.700 B.C. to C.A.D. 1500, 1956. Presented by I.C.I. 

TAYLOR, EVA GERMAINE RIMINGTON—The haven-finding art: a history of navigation 
from Odysseus to Captain Cook; with a foreword by K. St. B. Collins. London, 
Hollis and Carter, 1956. 
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